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geology of platinum that I wish to give a review of the genesis 
of platinum-bearing deposits in general. 

In my first general papers on magmatic ore deposits some thirty 
years ago,” I emphasized the idea that the two great groups of 
platinum deposits, namely (1) the primary deposits, especially 
in olivine rocks, and (2) the deposits of nickeliferous pyrrhotite, 
always carrying a small content of the platinum metals, especially 
in norite, are both formed by various processes of magmatic dif- 
ferentiation.® 

On the other hand, I further pointed out that ore deposits 
formed by other geological processes sometimes carry platinum 
metals—especially palladium, the most easily soluble of the six 
platinum metals—but, with some isolated exceptions, only in 
minute quantity. That this quantity is so small I have considered 
to be explained by the extraordinarily high resistance of the 
platinum metals to chemical attack.* 


x3ENESIS OF PLATINUM METALS IN OLIVINE AND RELATED ROCKS. 
(URAL TYPE AND ONVERWACHT TYPE. ) 


Using my explanation given in Journal of Geology,* we note 
that Mg.SiO, and Fe.SiO, form a continuous mixcrystal series 
belonging to Roozeboom’s type I; that is to say, the first mix- 
crystal is enriched in Mg,SiO, and the residual magma is conse- 
quently enriched in F,SiO,. As to the relation between the com- 
position of the olivine in the gabbros and of the olivine in the vari- 
ous (primary formed *) peridotites, I refer to my paper on the 


Geol. Soc. So. Africa, 1925; P. A. Wagner, Occurrence of the platinum metals in 
South Africa, Econ. GErou., vol. 21, 1926, Nos. 2 and 3; L. Duparc, Les gites 
platiniféres de l’Oural cn relation avec ceux du Transvaal, Schweizerische Mineral 
und Petrogr. Mitteilungen, 1925, Band V. Heft 1 (written May, 1925, thus before 
the latest publication of Wagner's papers of 1925 and 1926). 

2 Zeit. f. prakt. Geol., 1893 and 1894. 

3 The primary deposits of platinum in dunite (Ural type) was by S. A. Meunier 
ascribed to pneumatolytic processes. 

4 Zeit. f. prakt. Geol., p. 321-322, 1898; Beyschlag-Krusch-Vogt, Die Erzlager- 
statten, I, sec. edit. 1914, p. 168. 

4a Vol. XXIX, 1921, p. 521-523. 

5 Primary in contrast to the Bushveld hortonolite dunite, which may have been 
formed by a restmagma process. See below. 
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Physical Chemistry of the Magmatic Differentiation of the Ig- 
neous Rocks, I,° published in Kristiania Videnskaps Selskap (now 
Acad. of Science in Oslo), 1924. From this paper I quote some 
of the numerous analyses of the olivine itself (Table I.) and of 
the various peridotites (Table I].). The olivine of the gabbros, 
norites and anorthosites, varies (in molecular percentage) be- 
tween about 0.25 Fe.SiQ,.0.75 Mg.SiO, (= 25% Fe.Si0O,)— 
or rarely a little below 0.25 Fe.SiO,—and about 0.40 Fe.SiO,. 
0.60 Mg. SiO, (= 40 per cent. Fe.SiO,). In most cases we have 
to deal with about 30 per cent. Fe,SiO,. 





TABLE I. 


ANALYSES OF OLIVINE ISOLATED FROM VARIOUS PERIDOTITES AND GaBBROS. 



































From. SiOz.|AlsO3.} FeO.}MnO.} NiO.}MgO.| CaO.| H20.} Total. 
Kimberlite, Debeer. ..| 1 | 40.27 7-14] tr. 48.61 1.10 | 99.33 
Peridotite, Webster. 4 2| 40.80} tr. 7.32) tr. | 0.44 | 49.18] 0.02 | 0.63 99.94 

3] 41.89] tr. 7.39| tr. | 0.35 | 49.13] 0.06 | 0.82 | 100.22 
Séndm¢re, 

\ Norway...... 4} 40.11 8.18 50.84 99.13 
Du- FSA { 5 | 42.80 9.40 47-38 0.57 | 100.15 
nite | || 6] 42.68 10.09 46.90 0.49 | 100.16 

\ Ural, aver...... 7 | 39.78 9.97 50.25 100.00 
Lherzolite, Pyrenees. .| 8 | 40.59 13-73} 1.60 43.13 99.05 
Picrite, Nassau...... 9 | 38.79 19.47 40.52] 0.51 99.29 
Anorthite-olivine ( 10 | 38.59] 0.86 | 20.29} 0.32 39.78 0.40 | 100.24 

rock, Skuruvas, } 

INGEWAY......5.2 (| 11] 38.30 24.02] tr. 38.29 100.61 
Anorthosite, New 

Ra ge ae a 12 | 38.85 28.07| 1.24 30.62] 1.43 100.21 
Olivine gabbro, Minn..| 13 | 35.58] 0.92 | 30.52] 0.35 | 0.20 | 26.86] 0.90 | 0.31 | (96.86) 



































Iron in No. 13 calculated as FeO. In No. 13 + 1.22 pe. TiO,. Minor constit- 
uents (undissolved spinel, etc.) not included in Nos. 1-3. 


6 See also my previous paper Uber anchi-monomineralische und anchi-eutektische 
Eruptivgesteine (1908). 
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TABLE II. 
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The dunites consist of quite predominant olivine,—the saxonites of predominant 
olivine and further some orthopyroxene (enstatite—bronzite),—the lherzolites of 
olivine with some orthorhombic and monoclinic pyroxene,—the wherlites of olivine 
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As is illustrated by Tables I and II, the (primary) peridotites 
show, with rising content of olivine, a change in the composition 
of this mineral, viz., an increasing percentage of Mg.SiO, and a 
decreasing percentage of Fe.SiO,, in the following scale. 


TABLE III. 
Percentage of Percentage of Fe:SiO, in the Olivine. 

Olivine in the Rock. Normal Limits. Average. 
About 40-50 per cent. ........... 18-34 per cent. About 25 per cent. 
About 50-60 per cent. ........... 19-26 per cent. 20-25 per cent. 
About 60-70 per cent. ........... 11-22 per cent. 16-20 per cent. 
About 70-85 per cent. ........... 9-14 per cent. About 12 per cent. 


About 85 to almost 100 per cent. Min. 7 or 7.5 
olivine (sometimes plus some bron- Max. 12 (or per- 


zite). haps 13) per cent. 8-9.5 per cent. 


From this change in the composition of the olivine, in connec- 
tion with a series of other facts, we may conclude that the perido- 
tites were formed by a crystallization differentiation, the first 
mixcrystals sinking down to deeper and hotter zones of the 
original gabbroidic magma where they were remelted or resorbed. 

We give below a review of the melting points of the platinum 
metals and of some minerals especially touching the problems 
treated here. 


and monoclinic pyroxene, further in each case some picotite and chromite. The 
French Guinea. No. 29, Montana—Hornblende peridotites. No. 30, Pyrenees. 
biotite, and plagioclase and a little spinel. Magnetite is rare. 

The rather high percentage of Fe,O, in some analyses is to a very great extent 
due to oxidation. We may thus lay the main stress on the sum of Fe,O, and 
FeO. The determinations of CO, etc., in Nos. 16, 22, 24, 25, 27, 31, 32, 33, 35, 
and 37, are not included. 

Dunites. No. 14, north of Norway. No. 15, Ural, average of 25 analyses, re- 
calculated water free by Dupare. No. 16, N. Carolina. No. 17, Reunion — 
Saxonites. No. 18, Br. Columbia. No. 19, Oregon. No. 20, Magelhans Straits. 
—No. 21, Lago Maggiore. No. 22, Rum Island, Scotland. No. 23, French 
Guiana—Lherzolites. No. 24, Mount Gambier, South Africa. No. 25, Island 
Moa, Timor. No. 26, Piedmont. No. 27, Ofoten, Norway.—Wherlites. No. 28, 
French Guinea. No. 29 Montana. 





Hornblende peridotites. No. 30, Pyrenees. 
No. 31, Nassau. No. 32, Fichtelgebirge. No. 33, Montana. No. 34, Colorado. 
No. 35, Devonshire. No. 36, Tahiti. No. 37, Anglesey. 
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TABLE IV. 


MELTING POINTS OF THE PLATINUM METALS AND OF CERTAIN MINERALS. 





MDGISIRTIED :..5)6:9:5. 5:00 2500° { Mg2SiOg 1890° 

SORHUR 3.0% <5 > ¢5 0 2350° Fe2SiO, 1190° 

Ruthenium, above..| 1950° MgAlhO, 2150° 

MBOGIOM. . 2.6645. 1970° { Chromite 1&50° \ old approximative 
Platinum.......... 1752 +50] \ (impure) 1670° f determinations. 
Palladim. ...:. 353% 1549.2° 





Platinum-bearing Dunites (and Pyroxenites) of the Ural Type. 


With Duparc’s renowned work “ Le platine et les gites platini- 
féres de l’Oural et du monde”’* (1920) and his above quoted 
short excerpt in the Swiss Journal (1925) as a basis, I shall give 
a review of the Ural deposits. 

Along the axis of the Ural range, folded in the late Paleozoic, 
and now very deeply denuded, numerous big eruptives of various 
compositions were intruded. At nine or ten localities are the 
same geological features, viz., a central area of dunite, around 
this a ring-shaped zone, sometimes closed and sometimes broken, 
of pyroxenite, which in its turn lies within rather great areas of 
gabbro. I refer to the two maps of the greatest dunite area 
(Tagil) and of one of the smaller ones (Omountnaia), both maps 
copied from Vysockij and Dupare. The areas of the dunite are: 
28.3 km* (Fig. 2, Tagil), 12.7, 11.4, 7.3, 2.7 (Fig. 1, Omount- 
naia), 2.7, 1.4 and 1.0 km*. The dunites are thus not of great 
dimensions. To use Duparc’s term, we here deal with a concen- 
tric differentiation. 

The original gabbroidic magma, rather basic and rich in mag- 
nesia, by the initial cooling in the upper parts, gave rise to the 
crystallization of olivine, pyroxenes, etc., which after subsidence 
were separately resorbed (by a “selective resorption”) in the 
deeper and hotter parts of the original magma. In the new 
pyroxenitic and olivinitic magmas, a pronounced enrichment of 

7 Of the important Russian literature I especially mention the great works (in 
the Russian language) of Vysockij (1913 and 1923-25). My knowledge of the 
Uralian deposits is based on the literature and on the very comprehensive collec- 


tions which I have studied (1925) in the geological institutes of Leningrad and 
Moscow. 
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Cr,O; took place,* and a part—probably even only a rather small 
part—of the platinum metal content of the original gabbroidic 
magmas was transported to the new basic magmas, ultra rich in 








} diorites, — 
; ee. : 




















Fic. 1. Maps from Vysockij and Dupare. A. Omountnaia. B. Tagil. 
T =tilaite; S = serpentine. 


magnesia. This result may be explained by the low solubility 
of the platinum metals in the gabbroidic magmas in connection 
with their high melting points. 





Within the dunite magmas in the Urals—and at numerous lo- 


8 In my above quoted paper in Oslo Academy (1924, pp. 39, 118) I mention that 
the magmatic concentration of Cr,O, in the first stages may be due to the crystal- 
lization, subsidence and resorption of a pyroxene rather rich in Cr.0, (probably 
principally as the component MgCr,SiO,) and in the later stages to the crystalliza- 
tion, subsidence and resorbtion of chromspinel or chromite, both with very high 
melting points and separated at a very early stage of the cooling of the peridotitic 
or pyroxenitic magmas. 
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calities elsewhere on the earth—a renewed process of magmatic 
differentiation took place, delivering the rather frequent segre- 
gations of chromite, the telechemic (or silicotel) mineral espe- 
cially characterizing the peridotites, and here crystallizing at an 
early stage of the cooling. 

At the above mentioned Uralian areas of dunite (with an aver- 
age of about 9 or 10 per cent. Fe,SiO,: 90 or gI per cent. Mg.- 
SiO,)—and at many other corresponding areas of dunite (e.g., 
the Tulameen region in British Columbia, studied by J. F. Kemp) 
—the chromite segregations also carry some platinum which 
thus must have been concentrated by the magmatic differentia- 
tion together with the chromite at the initial cooling of the dunite 
magma. According to the structure of the nuggets from these 
platiniferous chromite deposits studied by Beck, Duparc, and 
Kemp, the chromite, present in a much greater quantity than the 
platinum, began to crystallize before the platinum. 

Besides the three-rock fields here treated (Figs. 1 and 2), there 
also occur several two-rock fields, composed of gabbro and py- 
roxenite without dunite. These fields, too, have given rise to 
platinum placers, derived from the pyroxenite. 

















TABLE V. 
Ural. Transvaal. 
Dunite. Pyroxenite. Hortonolite-dunite. 
38 39 40 
RMN 55 ios sib 9, ao Bis aa toe 83.07 88.98 84.00 
PRIMI 5 35 card reales Ratha 1.80 0.33 \ 
SE Ee Cee 1.91 1.65 f a:50 
SRI 5 svc soe hs Cee 0.59 0.61 0.2 
| Saas rues SS 0.26 0.90 0.3 
RUMEN cs vos a 6 Win alad Sects ka Re 1.30 0.88 tr. 
RIUM Ra eR ao. opens bos sick aie ee 10.79 7.03 12.8 
BO Sh ha Dele lite oot 99.72 100.38 99.6 














According to Duparc, the composition of the native platinum, 
exclusively worked in placers, from the dunite (No. 38 from 
Tagil) and from the pyroxenite (No. 39) is illustrated by the 
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following analyses where we also include the analysis (No. 40) 
published by Wagner of the native platinum from the Transvaal 
hortonolite-dunite. 

The numerous analyses (88) in Duparc’s great work show as a 
rule a variation of iron between 7 and 16 per cent., the native 
platinum from the pyroxenite placers on the whole being a little 
poorer in iron than that from the dunite placers. Some few 
analyses show a little gold (0.05, 0.07, 0.07, 0.07, 0.07, 0.09, 
0.16, 0.27, 0.40, 1.12 per cent.), and nickel (0.03, 0.08, 0.14, 
0.22, 0.70, 0.75, 0.93, 1.05, 1.14 per cent.). As is well known, 
besides native platinum, a little osmiridium, etc., is found. 

In the dunite itself at some places in the Urals a little native 
platinum has been detected, but only in small particles and in very 
small quantity. According to a series of analyses, collocated by 
Vysockij (1913) and reprinted by Duparc, 


. . . three analyses of the dunite gave, per 100 puds (at 16.32 kg.), 46.0, 
29.4, 18.6 dolis (at 0.044 gr.): thus per metric ton, 1.23, 0.79, 0.50 gr.; 
one analysis gave traces of platinum; and twenty analyses, “no platinum,” 
which may mean only that no platinum could be detected in the amount 
of material, in most cases 1000 gr., but sometimes only 300-500 gr., 
weighed in for the analyses. From this investigation we may conclude 
that the average contents in the dunite itself may be less than, say, 0.25 
gr. platinum per ton, but how much less may be an open question. 


On the basis of the calculated cubic mass of the eroded dunite, 
the produced (officially reported and stolen) platinum, and of the 
platinum in reserve, Duparc calculated at two localities for each 
cubic meter of eroded dunite, 0.1700 gr. and 0.0115 gr. respec- 
tively. Thus, as 1 cubic meter of dunite (including the chromite 
deposits) weighs 3.3 tons, his results were 0.052 and 0.0035 gr. 
platinum per ton. 

By washing the detritus on the slopes of the dunite hills, prac- 
tically without any secondary concentration of the heavy minerals, 
Duparc at two different localities ascertained an average of 0.041 
and 0.0046 gr. platinum per cubic meter, or, at one cubic meter 
of detritus to 1.9 ton, 0.022 and 0.0024 gr. per ton of dunite (in- 
cluding the chromite deposits ). 
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These last figures, 0.052, 0.022, 0.0035, 0.0024 gr. platinum 
per ton, represent the pieces of platinum of such a size, as could 
be won by washing—and thus not also the microscopic and sub- 
microscopic particles of the platinum in the dunite. The total 
quantity of platinum in the original dunite may thus be 0.0024— 
0.052, say, On an average at most about 0.25 gr. platinum per 
ton. 

3y the magmatic differentiation within the dunite magma only 
a small quantity, probably at most a tenth, of the contents of 
Cr.0;—or RCr.O,—-was concentrated into the chromite deposits. 

And similarly we may presume that only a rather small frac- 
tion of the total quantity of the platinum was concentrated into 
the chromite deposits or into other agglomerations delivering in- 
dividual particles large enough to be won by washing. 

According to Vysockij’s work on the Ural and Siberian plati- 
num fields (I-IV, 1923 and 1925) in later years many investiga- 
tions have been made on the schlieres (or segregations) of chro- 
mite-dunite and chromitite within the dunites, showing in several 
cases between 5 and 13 gr. platinum per metric ton and sometimes 
more, even up to several hundreds of gr. platinum (visible to the 
eye). 

The bulk of the platinum metals has till now been won in 
placers from the group of deposits treated here, viz., principally 
in the Uralian district, further in Columbia (the El Checo dis- 
trict), and a more subordinate scale in Borneo, New South Wales, 
Tasmania, Canada, and the United States. In placers, such as 
in northern California and southern Oregon, where gold and 
platinum metals are won together, the detritus of serpentine, 
chromite, etc., indicate that the platinum metals are derived from 
deposits of the Ural type. 

As to the “osmiridium” of the Watersrand conglomerate, 
Wagner mentions an accompanying chromite which might indi- 
cate a peridotite or some nearly related rock as the original 
mother rock. 

As to the platinum deposits in the vast Bushveld Field I refer 
to Wagner’s papers. 
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The difference between the tectonic character of the magmatic 
differentiation in the Urals and at Bushveld may be illustrated by 
Dupare’s terms: in the Uralian fields of gabbro-pyroxenite- 
dunite, we have to deal with a concentric, at Bushveld with a 
stratiform differentiation. 


Bushveld Field. Lydenburg Platinum Deposits within Hortono- 
lite-Dunite (Onverwacht Type). 

According to Wagner, we may sharply distinguish between 
the dunite proper (or olivine-dunite, anal. no. 41, 42) and the 
hortonolite-dunite (anal. no. 43). 

The dunite proper, forming the main rock, is composed prin- 
cipally of olivine, with subordinate amounts of diallage and small 
crystals of chromite. This last named mineral is very abundant 
in places, and in places the diallage is so abundant as to bring the 
rock within the definition of wherlite. 


TABLE VI. 


Fe0s| FeO Iatno| MgO 








Al2O3.| CreOs. CaO P20s5|} HeO 


Total 





si, TiO2 

















Na2O | K20 














Partial analyses of the somewhat serpentinized olivine-dunite. 





35.86 
35-64 












































Hortonolite-dunite 








0.05 | 1.45 | 0.10 | 2.90 | 35.55] 0.40| 22.00 

















43 | 34-25 

















2.35| 0.20 | nil. |o.0s 0.55! 99.85 





The Lydenburg olivine-dunite, according to the analyses carry- 
ing an olivine with about 17 per cent., Fe,SiO,, is not quite con- 
gruent with dunites from the Urals, Norway, New Zealand, etc., 
where the olivine throughout is somewhat poorer in Fe.SiQ,, in 
most cases containing only 8-9.5 per cent., sometimes I0-II per 
cent., exceptionally as much as 12 per cent., and in some few 
doubtful cases, as much as 13 or 14 per cent. Furthermore, the 
admixture especially of monoclinic pyroxene seems to be higher 
in the Lydenburg olivine-dunite than in the ordinary dunites, i.¢., 








332 Iss EAVOGT. 


the magmatic differentiation, delivering the Lydenburg olivine- 
dunite, did not run as far in the proto (or anchi-monomineralic) 
direction as that which delivered the dunite elsewhere. 

The hortonolite-dunite is composed of predominant hortonolite 
(containing about 50 per cent. Fe.SiO,), accompanied by some 
hornblende, diallage, phlogopite, chromite and titaniferous magne- 
tite. In the strictly dunite phase of the rock, these minerals make 
up less than 7 per cent. of the whole, but the amount is often 
higher, and we get transitions to hortonolite-wherlite as well as 
to a hortonolite-chromite rock. The structure is often pegmatitic, 
the rock changing to a hortonolite-dunite-pegmatite. As to the 
high content of Fe,SiO, in relation to Mg,SiO,, the hortonolite- 
dunite differs very pronouncedly from the previously known 
peridotites, illustrated by Table I and II. 

These are two distinct types of hortonolite-dunite occurrence. 
In one, the hortonolite-dunite, practically barren of platinum, 
forms irregular segregations in bodies of coarse-grained dialla- 
gite or diallagite-ilmenite-pegmatite. In the other, the hortono- 
lite-dunite, often platinum-bearing, forms dikes, and parsnip or 
pipe-shaped segregations—of size up to 60 by 60 feet—within 
the olivine-dunite. The hortonolite-dunite, present only in small 
quantity compared with the olivine-dunite, is distinctly younger 
than the olivine-dunite. I quote from Wagner (Nov., 1925, p. 
94). 

The hortonolite- and associated olivine-dunite evidently crystallized from 
subsilicic magmatic residua containing a certain amount of fluorine and 
other volatible constituents. On cooling, these magmatic solutions were 
probably split up by liquation into iron-poor magnesia-rich and iron-rich 
magnesia-poor fractions. Of these, the former crystallized first, while 
the latter, owing to iron-rich olivine having a lower freezing point than 
iron-poor, retained their liquidity, with the result that the volatile fluxes 
present became concentrated in them and they crystallized under pegma- 
tic conditions. 

In my own investigations on residual magma dikes in general 
I point out that in the deep-seated rocks we often meet with 
residual magma dikes containing mixcrystal-mineral which, com- 
pared with the same mineral in the mother rock, show a decrease 
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of the first and an increase of the late crystallizing mixcrystal 
component. For, taking an example in the Norwegian gabbros 
(and norites), containing a plagioclase Ab; An,;-Ab, An, we 
find numerous comagmatic dikes containing a plagioclase about 
Ab; Ans, thus enriched in Ab which has a low melting point and 
impoverished in An which has a high melting point. 

Similarly, we must explain the dikes of the hortonolite-dunite 
in the olivine dunite: the first olivine mixcrystals, separated in 
the olivine-dunite (carrying about 17 per cent. Fe.SiO,) were 
enriched in Mg.SiO, and impoverished in Fe.SiO,. The residual 
magma, enriched in Fe.SiO, and impoverished in Mg,SiO,, was 
locally squeezed out and formed separate dikes. At a suffi- 
ciently great depth, where the volatile compounds could not es- 
cape or could escape only to a subordinate extent, the residual 
magma dikes take on a coarse-grained or pegmatitic structure. 
And the subordinate monoclinic pyroxene in the olivine-dunite 
was, in the residual magma dikes, partly replaced by hornblende 
and mica (phlogopite), these other minerals being often present 
in great quantities. 

The olivine-dunite itself is practically barren of platinum 
metals, these occurring only in the hortonolite-dunite within the 
olivine-dunite, yet at the different localities in highly varying 
quantities. A notable amount is found at only a few of the oc- 
currences of the hortonolite-dunite. The highest content stated 
is 137.8 dwts. per short ton (= 234 gr. per metric ton or 0.0234 
per cent.). Contents as much as 30 dwts. are considered high, 
and elsewhere are 20, 10, 5, 2, 1 dwts., and at the poorer occur- 
rences still less. 5-10 dwts. per short ton corresponds to 8.5-—17 
gr. per metric ton. 

Native platinum (analysis no. 40) is present in the hortono- 
lite-dunite in well-shaped crystals and in crystal aggregates, in 
irregular grains and in spike-shaped forms. Platinum nuggets 
found in the gravels are up to 5 mm. across; such large grains 
are uncommon, but crystals and crystal aggregates between 0.2 
and I mm. across are found in almost every panning. 

According to Wagner’s investigation, the minerals of the 
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hortonolite-dunite began to crystallize in the following sequence: 

first chromite, then platinum, and later hortonolite—the chromite 
Ya, 

the platinum in the quantity of about 0.0005, 0.001, 0.005 per 

cent. or, rarely, still more. We wish to point out that the plati- 

num crystallized from an ordinary magmatic solution. 

Wagner lays stress on the fact that the phlogopite of the 
hortonolite-dunite contains some fluorine, this element probably 
also being present in the hornblende. He presumes that the en- 
richment of the platinum in the hortonolite-dunite is due to the 
presence of a little fluorine in the magmas, the fluorine extracting 
some platinum from the olivine-dunite and in that manner bring- 
ing it over to the magma of the hortonolite-dunite. With this 
explanation I cannot agree. 


here being present in a quantity of 4, %4, 1 or some few per cent., 


The hortonolite-dunite must be explained as a rock crystallized 
from a residual magma formed during the solidification of the 
olivine-dunite, and in this residual magma a certain portion of the 
original, extremely small contents of platinum in the magma of 
the olivine-dunite may have been concentrated. 


Percentage of Platinum in the Lydenburg Chromite Deposits. 


Seams and lenses of chromite rock (chromitite) occurring in 
peridotites and nearly related pyroxenites have a wide distribu- 
tion in the lower part of the Bushveld igneous complex. The 
pure chromite ° carries about 40 per cent. or somewhat above 40 
per cent. Cr.O;, about 14-20 per cent. Al,O; (CrmO; and Al.O; 
in ratio, 0.59—-0.68 Cr.O3;:0.41-0.32 Al,O;) ; but only 0.5-2 per 
cent. Fe.O;; it carries further about 20-25 per cent: FeO and 
9-13 per cent. MgO (FeO and MgO in ratio about 0.67-0.63 
FeO :0.33-0.37 MgO). 

The recorded samples of the chromitites show: I1.9, 11.5, 
1.5-12, 8.5, 7, 5.5, 5 grains, trace, I dwt., 10 grains, 9 grains 
platinum plus iridium; 2, 1-2.1 dwts. platinum metals per short 
ton; 1 dwt. 14 grains platinum plus iridium, and nothing. 

The small contents of platinum metals, in most cases 10, 5, 2, 


9 P. A. Wagner, So. African Jour. of Sci., 20, Oct., 1923. 
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1 gr. and still less per metric ton, are from a theoretical point of 
view very interesting. But the chromitite seams and lenses, 
rarely of'a thickness as much as 6 feet and mostly only of 3 feet, 
2 feet and still less, have not given rise to platinum gravels. 

The platinum-bearing deposits of the Ural type may be due 
to the crystallization of a part of the content of platinum (and 
of the content of RCr.O,) at an early stage of the cooling of the 
dunite magma ; *° and to the local concentration and resorption of 
the individuals. As to the Onverwacht type discussed above, I 
have given the opposite explanation, viz., an enrichment of the 
content of platinum in the residual magma, this giving rise to the 
hortonolite-dunite. 

In fact, there may be no contradiction between these two ex- 
planations. According to the facts described by Wagner, the 
hortonolite-dunite magma at the temperature of the initial cooling 
may in every case carry in silicate solution as much as, say, about 
5 gr. platinum per ton of magma (= 0.0005 per cent.). At the 
cooling of the magma, first chromite, present in a much greater 
quantity, and afterward platinum, begin to crystallize. The con- 
centration of some platinum in the residual magma is thus easy 
to explain. 

The explanation of the Ural type offers greater difficulties. 

In Norway, are several districts with numerous areas of perido- 
tites (dunites, saxonites, etc.), in some districts serpentinized, 
in others, not. The peridotites within some districts carry no 
chromite deposits; in other districts, even in very small peridoti- 
tes, of an area down to 0.1 or 0.01 km”, occur a great number of 
such deposits. There have here been 50 or 100 small mines, 
which together have produced about 25,000 tons of chrome ore, 
but not once has platinum, visible to the eye, been detected. The 
same is the case at numerous chromite mines in several places 
elsewhere. The dunites may in general carry a little platinum; 
the concentration of the platinum together with chromite, as in 

10 The crystallization may have taken place at a temperature about 1500° or 


1600°, thus above the melting point of palladium. This may be the reason for 
the practically total absence of the native palladium in the chromite deposits. 
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the Ural type, may, however, have taken place only with some 
few dunite areas and may thus suggest special conditions. But 
what these special conditions are, may be an open question. 

The content of platinum within the various parts of the same 
dunite magma may, according to the analyses quoted, have been 
rather variable and this may be explained by the local subsidence 
and resorption of the platinum, derived from the original gab- 
broidic magma. The crystallization of platinum at an early stage 
of the cooling of the dunite magma may imply a percentage of 
at least, say, 5 gr. per ton magma (= 0.0005 per cent.). Asa 
working hypothesis, I venture to suggest that the conditions for 
the enrichment to platinum bearing ore deposits of the Ural type, 
may have consisted in locally rather high platinum content in the 
dunite magma. 


CONTENT OF THE PLATINUM METALS IN MAGMATIC NICKELIFER- 
OUS PYRRHOTITE DEPOSITS WITHIN NORITE AND 
RELATED ROCKS. 


Content of the Platinum Metals in the Noritic Nickel Ores of the 
Sudbury-Erteli Type.” 
Concerning the Norwegian deposits, the best details are given 


in the following statistics from Kristiandsands Nichelraffinerings- 
verk, of total production in the three years 1914, 1915, and 1916. 


TABLE VII. 
Anode slime. 
BBO RUN, 5 URIROUEPD © os hacen bis gis Sa wine Sie sieie sates 412.8 kg. silver 
ee ee ee) ee ee Ee 8.45 kg. gold 


6.81 kg. platinum 
15.43 kg. palladium 


and further very small quantities of the other platinum metals. 
The ores came from Evje, Ringerike, Hosanger and Fao” 
which have somewhat varying contents of the metals listed (high- 
est in Fad). We may reckon that the precious metals were de- 
livered from about % or 34 of the total production of nickel (and 


11 Erteli at Ringerike, Norway. 


12 In 1914 also a small quantity of foreign ore was smelted. 








coppe 
pondi 

As 
of th 
sion ( 
Dept. 


Nickel | 

cobal 
Copper 
Iron... 
Sulphur 


Silver. . 
Gold. . 
Platinu: 
Palladiu 
Iridium 
Osmiun 


In 
pallad 
Th 


Co} 

Sil 

Gol 

Pla 

Pal 

13 In 
the san 
perhaps 
14 Th 
15 Ap 
2: 


- 


—_. 


nd 








GEOLOGY OF THE PLATINUM METALS. 337 


copper). Some analyses of the bessemer matte** give corres- 
ponding figures. 

As to the Sudbury district, I quote in Table VIII some analyses 
of the bessemer matte from the Royal Ontario Nickel Commis- 
sion (1917) and A. P. Coleman’s, The Nickel Industry (Canada 
Dept. of Mines, 1913). 

TABLE VIII. 


BESSEMER MATTE; PERCENTAGE AND Ounces (Troy) PER SHORT Ton. 




















Cana- 
Precision dian | Mur- Creigh Cop- : Vic- 
tae ray per | Divers 
analyses Copper ; ton ri toria 
Co. | Mine cliff 
44 45 46 47 48 49 50 51 
Nickel (including 
ae 55-4 14 48.82 | 42.29 | 41.15 | 39.96 | 42.21 
Coppers. sso... 5 23-5 25-92 | 24.99 | 24.95 | 43-34 | 37-37 
OO RS 5 ee aes 2.94 | 9.82 | 9.64 0.30 1.07 
IN <o.6)4.% a ssq) 10.440 22.50 13.67 
Se ee 1.84 | 6.155|)ab. 1.75] 3.14 2.50 7.0 4.87 
oe eS aa goes 0.027] 0.256] ** 0.05 | 0.02] 0.15 | 0.10 ]0.1-0.2]| 0.66 
PAGUUIN ol =o 55-002 68 0.1235] 0.988] ‘ 0.10] 0.13 | 0.50] 0.44 0.25 0.40 
et iT eres 0.197| .0984] “* 0.15 
SERCO RES. ots sie, 0.046] 0.065 0.02 
ES ree 0.02 





























In the analyses Nos. 47-51, now more than twenty years old, 
palladium was not sought for. 
The average ratio may be calculated as in Table IX. 


TABLE IX. 


In 100 T. (100,000 KG.) NICKEL. 


Norway. Sudbury. 
RSONBOT goa ook cote aks (About 60,000 kg.) (About 60,000 kg.) 
RUE iw oe cae sata k 3 25 ee . aay 
0 SR eg Se ee Pee ou... “ s i pe 
ROIAMROINNED foie 45 oe 9 a0! o4.* - I 5 
Rem POREMNUD SG eras ce Ale ke Siew ce - 0.8 “ = ie 


13 In melting, the platinum metals are concentrated in the matte practically in 
the same ratio as copper and nickel, yet with the reservation that osmium may 
perhaps be partly lost by vaporization. 

14 The determinations of the precious metals made on roasted ore. 

15 Approximative average for 1913-1915, perhaps too low. 


22 
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This ratio, however, varies somewhat at the different mines 
within each district. 

The nickel ores referred to here throughout carry more palla- 
dium; for example, the International Nickel Company reports 
in their production 1.7 times and the Norwegian Company, for 
three single years, 2.0, 2.2, and 2.4 times as much palladium as 
platinum. As is well known, the platinum exists partly or exclu- 
sively in the mineral sperrylite, PtAs.. How the palladium oc- 
curs is an open question. 

At Sudbury, as well as at the Norwegian mines, it has been 
stated that the content of platinum metals is highest in the ore 
particles relatively richest in chalcopyrite. At the solidification 
of the ore minerals—consisting of about 2 per cent. magnetite- 
ilmenite, 2-6 per cent. pyrite, 70-80 per cent. pyrrhotite, 7-18 
per cent. pentlandite (and polydymite), and 4-9 per cent. chalco- 
pyrite—the chalcopyrite first began to crystallize at a rather late 
stage. The residual magma of the sulphidic melt was thus en- 
riched in copper (or in CuFeS,). In the original sulphidic 
magma, the sperrylite, present in a quantity of I part PtAs. to 
1 or 2 million parts of the total sulphides, may first have begun 
to crystallize at a rather late stage of the solidification of the sul- 
phides. Thus might the residual magma be enriched both in 
sperrylite and in chalcopyrite and herein, as I have pointed out on 
previous occasions, may be the explanation of the fact that the per- 
centage of platinum 





and of palladium—is highest in the ores 
richest in copper. It is of interest in this connection to note the 
corresponding explanation given above of the enrichment of the 
platinum in the hortonolite-dunite. 

In my opinion, this explanation may apply to the extraordi- 
narily high metal contents in the small offset-deposit of Vermilion 
in the Sudbury district. According to Coleman, the unweathered 
ore carried 10.65-11.70 per cent. copper, 8.80-15.15 per cent. 
nickel, 4 ounces of silver, 4% ounce of gold, 1.5 ozs. of platinum 
and 3.62 ozs. of palladium per ton,—samples from the gossan 
even yielding as much as 6 to g ounces of platinum and 8 to 14 
ounces of palladium; thus 3 or 4 times as much copper (and 
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nickel) and 50 or 100 times as much of the two platinum metals 
as the ordinary Sudbury ore. The explanation may be that Ver- 
milion represents a residual magma squeezed out at a rather late 
stage of the solidification of a greater sulphidic deposit. 

The concentration of the platinum metals in the residual magma 
dealt with here may not be applied to silver, this metal exclu- 
sively or partly entering as a small mixcrystal-component into 
the pyrrhotite and the chalcopyrite. For example, in the Nor- 
wegian deposit, Evje, the pure sulphide mixture averages about 
6 gr. silver per ton, and some samples of pyrrhotite (with the 
ordinary admixture of pentlandite, but without any chalcopyrite) 
show about 5 gr. silver per ton. The chalcopyrite shows about 
50 er. silver per ton. 

The Norylsk District of Siberia—Some few years ago de- 
posits containing ordinary nickeliferous pyrrhotite ores and some 
platinum were detected within a coarse grained diabase forming 
great flat-lying sills intruded into coal-bearing rocks. The dia- 
base, consisting of olivine, labrodorite, pyroxene, biotite, and 
magnetite, carries in its lower parts impregnations of pyrrhotite, 
pentlandite and chalcopyrite, and in polished sections of these im- 
pregnations native platinum (carrying some palladium), may be 
observed with the unaided eye. 

Vysockij ** draws a parallel geologically between these deposits 
and the Norwegian deposits, Erteli, Meinkjaer, etc., and Sud- 
bury. As to the relation between the quantity of the platinum 
metals and the sulphides, the new Siberian deposits seem to stand 
nearer to the lately detected Merensky subclass than to the Sud- 
bury-Erteli subclass. 

The Nickel Deposits of Vlakfontein, Transvaal.—These have 
a very low content of the platinum metals, and are, according 
to the detailed description of Wagner,’ geologically identical 
with the deposits of the Sudbury-Erteli type. 

The Insiswa Deposits in Griqualand, Cape Province-—These 


16 Ural and Siberia platinum fields, II. and III., 1923, and private communica- 
tion. 

17““On Magmatic Nickel Deposits of the Bushveld Igneous Complex,” Geol. 
Surv. of So. Africa, No. 21, 1924. 
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deposits, (5-6 degrees south of the Bushveld Complex), belong 
genetically to the Sudbury-Erteli group, with the exception that 
the nickeliferous-pyrrhotite ore is connected with picrite. Ac- 
cording to a detailed geological and technical manuscript descrip- 
tion which I had the opportunity of studying some ten years ago, 
I calculated for Insiswa an average of 1 part of platinum metals 
to about 12,500 parts of nickel.* Wagner gives an average from 
2.5 to 3.5 per cent. of nickel plus copper, these metals being pres- 
ent in approximately equal proportions, and between % dwt. and 
I dwt. platinum metals per ton. Starting from 0.75 dwt and 1.5 
per cent. nickel we get the proportion, 1 platinum metals to about 
10,000 nickel, which corresponds to my previous calculation. 
Furthermore, at Insiswa, palladium seems to prevail over plati- 
num. 

The higher proportion of the platinum metals to nickel at 
Insiswa compared with the average for the Norwegian deposits 
and for Sudbury may depend on Insiswa being connected with 
picrite (very rich in olivine), and the other deposits with norite. 


The Deposits of the Merensky Horizon Type in Pyrrhotite- 
Norites. 


These important deposits occur within remarkably persistent 
sheets of divers norites, resulting from a very far advanced 
stratiformed differentiation and with great variations as regards 
the relative proportion of feldspar and pyroxene present. 

The varying composition of the norites is illustrated by the 
analyses of Table III in Wagner’s paper.*** In some cases the 
rock is a feldsparic bronzitite, in other cases a diallage- or horn- 
blende-bearing norite, sometimes rather poor and sometimes rather 
rich in plagioclase. 

The sulphides, viz., pyrrhotite, pentlandite and chalcopyrite, as 
a rule are present in a quantity of 3-4 per cent. in “ small inter- 
stitial grains ranging from 0.2 mm. up to 0.8 cm. and occasionally 

18“ Die Sulfid: Silikatschmelzlésungen,’ Norsk Geol. Tidsskrift, IV., p. 38. 


1917. 
18a Econ. GEOL., vol. 21, p. 254, 1926. 
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up to 2.cm. across.” The detailed description given by Wagner **” 
as to the petrogenetic relation between silicate and sulphide, is 
practically identical with the description previously given by my- 
self *® of the sulphides in the Norwegian pyrrhotite norites. The 
sulphides (FeS, NiS, CuFeS., etc.) originally dissolved in the 
magmas, were separated when the limit of solubility was reached 
by increase of the quantity of the sulphides or by cooling of the 
magma. This took place at a temperature higher than the melt- 
ing point of the mixture of the sulphides. They were conse- 
quently separated in the fluid phase. By the reaction between the 
sulphide drops and the silicate magma, a certain part of the metals, 
especially copper, nickel, cobalt, platinum and palladium, went 
into the sulphides.*® Wagner speaks of “droplets of matte.” 

The deposits of the Merensky type, as a rule 3—30 feet thick, 
extraordinarily long and in most cases lying rather flat, carry a 
notable quantity of platinum metals; thus, to take some examples, 
“ Between 2 and 3 dwts. per short ton over miles, averaging 5.5 
dwts. over 50 inches”; “ between 4 and 5 dwts. per ton over 
widths from 24 to 48 inches”; “about 3 dwts. over 48 inches.” 
The platinum metal content in the best parts is, say about 3-4 
dwts. or a little more per ton (= 5-7 gr. platinum metals per m. 
ton). Locally still higher contents have been found. 

The quantity of the platinum metals in the rock increases as a 
rule with the quantity of the sulphides. The platinum, occurring 
exclusively or principally native (and not or only subordinately 
as sperrylite), is on the whole much finer than that of the hortono- 
lite dunite. Preliminary analyses prove up to 20 per cent. palla- 
dium, and 5 per cent., or still more, gold, to 1 part of platinum. 
According to the analyses, the sulphide mixture carries about 
8-10 per cent. nickel, a very high proportion. 

18b His paper in Trans. Geol. Soc. So. Africa, read Nov., 1925. 

19 See especially “‘ Die Sulfid: Silikatschmelzlésungen,” Norsk Geol. Tidsskrift, 
IV., p. 68-72, 1917, and Jour. of Geol., XXIX., p. 638-645, 1921. 

20 At the melting of the ores, the platinum metals are dissolved in the matte, 
consisting of FeS, NiS, Cu,S, etc—Fused sulphides in general exert a solvent 


action upon platinum. As to the literature, I refer to G. R. Shaw, Econ. GEot., 
vol. 16, 1921, p. 526 et seq. 
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In most respects, there is a geological identity between the de- 
posits of the Sudbury-Erteli type and those of the Merensky type, 
but as to the contents of the platinum metals, there is a remark- 
able difference. In proportion to 100,000 kg. nickel, the ores 
of the Sudbury-Erteli type carry on an average about 1.1-2.6 kg. 
platinum metals, and the ores of the Merensky type about 150 kg. 
platinum metals, thus in round figures a hundred times as much. 
And that makes a difference not only from an economic, but also 
from a scientific, point of view. How is this difference to be 
explained? 

The sulphidic norites or pyroxenites of the Merensky type— 
which have a thickness of from about I to 10 m. with 3-3.5 per 
cent. sulphides, thus with, say, 0.1-1 ton sulphide per square 
meter of the flat-lying deposits—are, according to Wagner, in- 
variably underlain or overlain by anorthosite or anorthositic 
norite. The sulphidic norite is the result of a very far advanced 
magmatic differentiation, delivering a rather small quantity of 
sulphides, these latter now being concentrated in the sulphidic 
norite. This small quantity of the sulphides may have extracted 
not only nickel and copper, but also platinum metal from a very 
considerable quantity of original magma, delivering a “ matte” 
very rich in nickel ** and extraordinarily rich in platinum metals. 

The high content of platinum metals contained in the deposits 
of the Merensky type is thus probably due to the small quantity 
of sulphide, extracting the metals from a great quantity of 
magma. 

Is the Vaalkop Deposit Contact-metasomatic or Magmatic-in- 
trusive?—The feldspathic bronzitite, carrying the ordinary low 
admixture of sulphides and rather high content of the platinum 
metals is, at Vaalkop, directly underlain (with a dip of 22°) by 
a strongly contact-metamorphosed dolomite. This is, in the 


21 According to the analyses, the sulphide mixture carries 13-16 per cent. NiS, 
5-12 per cent. CuS and the rest FeS. 

In my paper, “ Nickel in Igneous Rock ” (Econ. GEot., vol. 18, p. 352, 1923), I 
have pointed out that the percentage of nickel in the sulphidic segregations of the 
Sudbury-Erteli type under conditions otherwise the same may increase with a de- 
clining quantity of RS. 








neighb 
the cot 
contai 
zitite | 
from 1 
bound, 
platint 
itself 1 
The 
ing d 
footw 
tally, 
The n 
this a 
in the 


The 
compo 
becaus 
ing fr 
posit < 
platint 


Ac 
in the 
matic 
metal 
at th 
delive 
S anc 
can n 

In 
to th 
thick 
trude 
that 
previ 

227 


be 


r 
a 


50 











GEOLOGY OF THE PLATINUM METALS. 343 
neighborhood of the contact with the bronzitite, impregnated with 
the common sulphides (pyrrhotite, chalcopyrite, pentlandite) and 
contains platinum metals in about the same quantity as the bron- 
zitite itself. Especially within a horizontal distance of 20 feet 
from the bronzitite boundary and thus within 8 feet beneath the 
boundary, the contact metamorphosed dolomite is very rich in 
platinum metals, giving 4-10 dwts. per ton. And the bronzitite 
itself ranges from 2 to 21.7 dwts. 

The whole deposit, including feldspathic bronzitite, ore-bear- 
ing diallage-norite, and the contact metamorphosed dolomitic 
footwall, averaged 7.07 dwts. over a distance, measured horizon- 
tally, of 45 feet, equalling a thickness of 16.75 feet (or 5 m.). 
The metal content, combined with the considerable length make 
this a very very important deposit, one of the principal deposits 
in the Transvaal. I quote from Wagner.” 


The platinum and the sulphides, together with silica and perhaps other 
compounds, were evidently introduced into dolomite, rendered porous 
because of the expulsion of carbon dioxide, by vaporous solutions emanat- 
ing from the overlying norite magma, the lower part of the Vaalkop de- 
posit affording . . . an admirable illustration of a contact metasomatic 
platinum deposit. 


According to this explanation, the sulphides and the platinum 
in the upper part of the common deposit should be due to a mag- 
matic segregation; in the lower part, on the other hand, the 
metals should be due to gaseous extraction and emanation, which 
at the subsequent deposition within the dolomite should have 
delivered ores with practically the same ratio between Fe, Cu, Ni, 
S and Pt as in the magmatic ore. Such an accidental agreement 
can not be presumed. 

In the Norwegian pyrrhotite-norites, with ore occurring close 
to the boundary, the wall rock often, in a zone several meters 
thick, is impregnated with pyrrhotite-pentlandite-chalcopyrite, in- 
truded from the norite, at several places in so great a quantity, 
that the zone has been mined for nickel ore. Referring to my 
previous papers, this occurrence must depend on the great thin- 


22 Loc. cit., Nov., 1925. 
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ness of the molten sulphides, with lower solidification tempera- 
ture than that of the silicate magma. 

According to Wagner’s description, this explanation may be 
applied to the Vaalkop deposit. 


PLATINUM METALS OCCURRING IN ORE DEPOSITS OTHER THAN 
MAGMATIC SEGREGATIONS.7“* 


Platinum metals, especially platinum and palladium, have by 
mineralogical and chemical investigations and by metallurgical 
refinement been noted ** in divers classes of ore deposits, yet, as 
a rule, only in minute traces, and ore deposits, outside of the mag- 
matic segregations have delivered scarcely more than one or some 
few per cents. of the total production. Great surprise has, there- 
fore, been occasioned by the newly discovered quartz veins at 
Waterburg in the Transvaal, rich in platinum. 

The native gold of the gold quartz veins sometimes, but rarely, 
carries a little platinum (or platinum metals), such as 0.1-0.3 
per cent., and quite exceptionally still more. Further, there are 
the very rare occurrences of palladium gold, studied especially 
by Hussak at some Brazilian localities, and the detection of allo- 
palladium in minute quantity at Tilkerode in the Hartz, which 
aroused much interest in the 1830’s. As mentioned above, the 


22a Earlier literature on the subject—J. F. Kemp, “Geological Relations and 
Distribution of Platinum and Associated Metals,” U. S. Geol. Surv. Bull 193, 1902; 
Review in Hintze’s handbook; Beyschlag-Krusch-Vogt, “ Die Erzlagerstatten,” I., 
1924, sub. platinum; F. W. Clarke, “ The Data of Chemistry ” (fourth edit.), U. S. 
Geol. Surv. Bull. 695, 1920; G. R. Shaw, Econ. GEox., 16, 1921, p. 525; G. F. 
Kunz, “Collocation of Localities in which the Presence of the Platinum Metals 
has been shown,” Mineral Industry for 1921, p. 566-569; E. Hussak, “ Uber das 
Vorkommen von Palladium und Platin in Brazilien,” Sitz. ber. d. Akad. Wiss. Wien, 
CXIII., Juli, 1904, with a complement in Zeit. f. prakt. Geol., 1906, p. 284. 

23 Besides the safe statements, we also mention the many reports, partly very 
questionable and partly quite false, of small contents of platinum in divers ores and 
rocks. 

To take an example, in the literature it is often (Kemp, 1902, p. 35 and other 
papers) mentioned, that an ash from Australian coals (without exact locality) 
showed content 0.23 per cent. and according to another analysis even 3.6 per cent. 
platinum metals. If this was correct, it would be good business to burn the coal 
in order to extract the platinum metals from the ash. This industry never has 
been established: I presume the analyses to be incorrect. 
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native platinum of the Ural deposits, on the other hand, some- 
times carries a little gold, such as 0.1-0.2 per cent., or in some 
rare instances a little more. The pronounced distinction between 
the deposits of native gold and those of the Ural type of native 
platinum may be illustrated by the fact that native gold in most 
cases carries more than 250 times as much gold as platinum (or 
platinum metals), while native platinum carries more than 250 
times as much platinum as gold. 

As was mentioned by Kemp (1902), a very little platinum has 
occasionally been detected in complex antimonial sulphides of 
copper, lead, and silver, such as tetrahedrite and bournonite ; also 
in the (secondary) double sulfate, plumbojarosite. Nevertheless, 
platinum as a rule is practically absent in the ordinary silver ores. 
Thus, at the smelters at Freiberg in Saxony many years ago, at 
a time when, besides Saxon ores, a great quantity of foreign ores 
(from South and Central America, Australia, etc.) were smelted, 
I got the following information: as a rule, the silver bullion, es- 
pecially from the imported ores, gave by dissolving in concen- 
trated sulphuric acid some gold, but no platinum metals at all. 

As to the copper ores, excellent information is obtained from 
the following statistics, Table X (based on the figures, published 
in the Royal Ontario Nickel Commission, 1917, p. 463, from 
sources there quoted), registering the content of the precious 
metals in the anode-slime produced from the electrolytic refine- 
ment of blister copper at a number of great copper works. 


TABLE X. 


ConTENT OF PreEc1IOUS METALS FROM VaRIOUS PLANTS IN 100 Tons (100,000 Kc.) 
BuiistER CoprEeR (ABOUT 99 PER CENT. Cv). 








Silver Gold Platinum | Palladium 
oe ES een ee 119 kg. 9.0 kg. 0.012 kg. 0.040 kg. 
ee a 73. S35 0.035 “* 0.150 “ 
ESOS a ea 792 “ is * 0.063 “ 0.222 “ 
JS. 6: i legs ye Oe ies 0.045 “ 0.021 “* 
MMOOMMM SIREN. 2 8 oo. Soe c 5.0 3 299 “‘ 68.0 “ 0.034 “ 0.114 “ 
Aguascalientes, Mex........... 2,310 “* 15.0 “* 0.014 “ 0.008 “* 
Cerro de Pasco, Peru.......... aan “* a 0.011 “ 0.020 “ 
Mount Lyell, Tasmania........ aaq7 “* s4.4..° 0.022 “ 0.047 “ 
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The copper ore smelted at these many copper works may have 
been formed not by magmatic concentration, but by other genetic 
processes where the metals by gaseous or hydrous agencies were 
extracted from their original matrix, in most cases a magma, 
but perhaps sometimes also a solid rock. 

We wish to point out that the ordinary copper ores as a rule 
carry some platinum metals, but in reality only in inconsiderable 
quantity. Compared with the percentage in the magmatic nickel 
ores of the Sudbury-Erteli type, we note that these last named 
ores as a rule contain 10-100 times as much platinum in relation 
to nickel, as the ordinary copper ores delivered from gaseous or 
hydrous formations, carry platinum in relation to copper. 

Also the copper ores carry as a rule more, sometimes even 3 or 
4 times more, palladium than platinum. 

The Sudbury-Erteli deposits carry gold and platinum about in 
the same amount, sometimes a little more platinum than gold, 
sometimes the reverse. On the other hand, the ordinary copper 
ores carry as a rule about 150-1000, sometimes even 3000 times 
as much gold as platinum. And as to silver; our nickel ores 
carry 10, 25, 50, 75 times as much silver as platinum; the or- 
dinary copper ores, on the other hand, rarely as little as 500—1000, 
most often 10,000—-20,000 and sometimes in round figures, even 
100,000 times as much silver as platinum. 

G. F. Kunz enumerated * the three most productive deposits of 
platinum—besides the combined gold and platinum placers in the 
United States, viz. : 

1. The Boss mine, Nevada, where, in 1917, 433 tons ore 
yielded 107 ozs. of platinum (= 0.24 ozs. per ton) and 400 ozs. 
of palladium (= 0.9 ozs. per ton). 

2. The Rambler mine, Wyoming, where sperrylite has been de- 
tected in “‘ copper ores, mainly chalcopyrite and covellite, probably 
of igneous origin and forming a lens in a dioritic rock. Much 
palladium is also present.” 
per cent. copper, 0.32 ozs. gold, 2.56 ozs. silver, 0.211 ozs. plati- 


25 


“The ore is said to average 12.55 


24 The Mineral Industry, 1923, p. 546. 
25 W. Lindgren, Mineral Deposits, sec. edit., p. 791, 1919. 
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num, 0.246 ozs. palladium ” **—thus a little more Pd than Pt. 
The production of this mine has never been great. 

3. The Salt Chuck mine, Alaska, which in 1923 produced 
49,000 tons copper, silver and gold ore, giving 2257 ounces Pt 
and Pd. 

Platinum Metals in Quartz Veins. 


On this subject Kunz gave a review ** comprising some few 
veins, especially carrying gold or silver or both metals combined, 
and a content of platinum metals, such as 0.11 ounces of platinum 
per ton. Near the Teremaku River on the South Island of New 
Zealand ** the quartz veins, occurring in close proximity to sheets 
of altered magnesian eruptives, contained: platinum 0.167 ozs., 
silver 1.22 ozs. per ton. 


The Waterberg District in Central Transvaal. 

It has recently been ascertained that there are quartz veins, 
very rich in platinum, in the Waterberg district in Central Trans- 
vaal which “are by far the most important platinum deposits in 
lode form ever discovered.” I gather from the detailed descrip- 
tion of Wagner,” that the deposits are composite brecciated lodes, 
in which at least four periods of brecciation and quartz deposi- 
tion can be distinguished, and that, still later, chalcedony was de- 
posited. Further, there are great quantities of specularite and of 
chromiferous chlorite. Native platinum, carrying 7-45 per cent. 
palladium, the other platinum metals only in traces, and 0.3 to 3 
per cent. gold, is present in two generations. Only a couple of 
years after the opening of the mine, platinum ore to a value of 
£500,000 in sight had been discovered. 

The abundance of specularite should, according to Wagner, in- 
dicate a deposition at a fairly high temperature. This conclu- 
sion, may, however, be questionable, as specularite may also be 
formed at a moderate temperature. Wagner points out that 
minerals containing chlorine or fluorine are completely absent. 
According to Wagner, the abundance of chromiferous chlorite 

26 G. F. Kunz, Loc. cit. 

27 Mineral Industry for 1921, p. 560. 


28 J. M. Bell, Econ. GEot., vol. 1, p. 749, 1905. 


29 Econ. GEOL., vol. 21, pp. 260-265, 1926. 
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indicates that the mother home from which the material of the 
vein is derived might be a basic or ultrabasic magma (or rock). 


ON THE RELATIVE DISTRIBUTION OF THE PLATINUM METALS. 


Because the platinum-bearing ore deposits formed by magmatic 
segregation are connected with peridotites, pyroxenites, and gab- 
bros, we may conclude that the platinum metals, at the original 
magmatic differentiation delivering the igneous rocks, were con- 
centrated in the basic, especially in the ultrabasic rocks rich in 
magnesia. 

On the experience of the placers of the Ural type, it was previ- 
ously supposed that platinum was present in the rocks in a much 
higher quantity than any one of the five other platinum metals. 
Now, the experience of the nickel-pyrrhotite deposits in particu- 
lar, and, further, of copper and other deposits, has taught us that 
palladium, as to relative distribution, may compete with platinum. 

According to the figures quoted above, platinum is present in 
the hortonolite dunite, in a quantity of about Io gr. per metric ton 
(= 0.001 per cent.). The ordinary dunite may thus carry only 
a fraction, and even a small fraction, of this figure. The low 
content which in many cases has been noted in dunite chromitite 
and in pure chromitite justify the same conclusion. 

The quantity of platinum gained from gravels in the Urals is 
0.01, 0.02, or at most 0.05 gr. platinum per ton (= 0.000,001, 
0.000,002, 0.000,005 per cent. ). 

These figures represent, however, only a portion, and even only 
a relatively small portion, of the total quantity of platinum in the 
dunite, and it seems that the dunite may average 0.1 gr. or at most 
0.25 gr. platinum per ton ( = 0.000,01—0.000,025 per cent.). 

The pyrrhotite deposits of the Sudbury-Erteli type in round 
figures carry 50,000 times as much nickel as platinum metals; 
in the deposits in the Insiswa picrite we can reckon about 10,000 
times as much nickel as platinum metals: and, in the deposits of 
the Merensky type, 500 (or 600) times as much. In the deposits 
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of the Merensky type, a much stronger concentration of the plati- 
num metals than of nickel has taken place. 

If we suppose nickel to be present in the noritic nickel ores in 
a quantity 50,000 times as much as the platinum metals (to- 
gether), and if we indeed quite arbitrarily, suppose the same de- 
gree of concentration of nickel and of the platinum metals into 
the sulphidic nickel ores, the average content in the norite (this 
latter carrying on an average about 0.05 per cent. nickel) ,*° should 
be measured with a figure such as 0.000,001 per cent. 

These figures—0.000,01 or 0.000,025 per cent. platinum in 
dunite and 0.000,001 ** per cent. platinum plus palladium in norite 
—may only serve to give an idea of the order of size with which 
we have to reckon. 

The ordinary copper ores, not formed by magmatic differentia- 
tion, but by various gaseous or hydrous processes, show (see 
Table X.) in round figures, 1000 times as much gold as plati- 
num and 500 times as much gold as palladium. These figures, 
however, can not represent the average ratio in the rocks, for 
platinum has a much higher resistance than gold to the chemical 
agencies which extracted the metals from their original mother 
rock or magma. The figures only prove that platinum must be 
present in a quantity much—even very much—higher than 
1/1000 and palladium in a quantity higher than 1/500 of the 
quantity of gold. 

The magmatic sulphide ores of the Sudbury-Erteli type show 
as a rule platinum and gold in about equal quantities, and they 
show palladium in slightly greater quantity. This indicates that 
the average contents of platinum and palladium in the rocks—or 
in the basic igneous rocks—may be reckoned in figures of the 
same order of size as the average content of gold. 

Following is a table (Table XI.) showing the production of 
platinum and of gold: 

30 See my paper, ‘‘ Nickel in Igneous Rocks,’ Econ. GEot., vol. 18, 1923. 

31 This figure may be too low, as we may presume that nickel has been concen- 


trated into the Sudbury-Erteli ores in a relatively stronger proportion than the 
platinum metals. 
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TABLE XI. 
Production of Platinum 
World Production of 
In Kg. Russia, Official, Crude World Production, Gold 
A (100 per cent.). 
Platinum Estimated Pure 
(83 per cent.). (100 per cent.). 

1860 1,007 kg. About 1,300 kg. About 170,000 kg. 
70 1,948 “* “> 200° "= 160,000 “ 
80 2,948 “ +, sir. “ 360.000 “ 
90 2,846 “* =a i 180,000 “ 

1900 5,089 ‘ * “650e.“ ** 390,000 ‘‘ 
05 eT ey 7 6,500 “ ** 570,000 
10 5.484 “ r 6,700 “‘ . 701,000 “* 
12 5.520 “ **. 3.000, ** * . 95a.00n. “* 
14 4,489 “ oo 000 = ** 686,000 “‘ 
16 Se Ty a = 2900 °° ** 690,000 “‘ 
18 wan“ : 1,600 “ ** 550,000 “* 

1920 = o E200 * i 510,000 “ 
22 3° * wien “ ** 500,000 “* 














The Russian official statistics, taken from Vysockij’s paper 
(1923) do not comprise the total production, as a rather great 
quantity, estimated by the Russian officials as 30-40 per cent. in 
relation to the official figures, evades registration in order to avoid 
taxes, etc., to the government. The figures of the world produc- 
tions I have calculated, adding to the Russian production 35 or 
40 per cent. which was not registered, and supposing Russia be- 
fore the war to have delivered about 92-94 per cent. of the world 
production. In order to arrive at the figures for pure platinum 
(100 per cent.), I have presumed the native platinum to contain, 
on an average, 83 per cent. platinum. For the later years I have 
used figures given in The Mineral Industry. 

According to the official statistics, the total production of 
crude platinum with about 83 per cent. platinum in Russia 
(Ural) is as shown in Table XII. 





TABLE XII. 
{EY Bee peace T2CAOME. TCPS—BA  - 5 silage ssw a Me 24.963 kg. 
MOSSES Sik sw ewan 19.696 ‘“* NORIO oa wscrerslois aces 40.426 “ 
Coase 60.6 oe hte 4.684 “ “CRE aE et ee sa.s77 
“tt a nea aaa gm 14.504 “ ROG EREA  vig:o motores % eases; 53.055 ‘ 
IONS =9A- sas TRA sete 19.410 “ NGTM=TOR2 6c. cies sae 6 038 11.220 “ 
1824-1922 
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Using the figures given in The Mineral Industry (1917, p. 535 
and following years) a summation of the total production till the 
end of 1922 is given in Table XIII. 


TABLE XIII. 


Total Production of Crude 





Platinum. 
estat ft Sto e Sera a PSE rats cs ais, gre iene seni wiAS About 340 —360 m. tons 
34 

NOTARIES ao a fu tee, vats vrai Saba ceic. a: psu yersosberarordne oaks : S 2aecse Se 
MIMI a Sie ew bao SAG dds 550, 45d Sor veld Do'eicn beresie ea 74 Saye 7 a 
New South Wales and Tasmania .................... . Kr. 
Mihete countries 26 io. ols Gas dle ot ey cee oe. Some few tons 

Ne so etc acts cass nce oi. Sina Sie Gaireagateoarnase amas About 370 -—400 m. tons 


equalling about 310-330 m. tons refined platinum. 


In the figures for the world production there may be an error 
of 10-15 per cent., or perhaps a little more. 
The following table gives the price per troy ounce: 


TABLE XIV. 


ra oe YC ee 4.60— 7.30 dollars SUE cnc ccnsicasie de 83 dollars 
PEBEROO) Sec cies cya tu ets 7.50— 8.20 = VS (Sal Meee dia Alm nba 103 ‘s 
SEOD=HOR) boc ts aniews bs 12.50-14 “ POLK) 5 obits .ccsor hoes 106 - 
ee eee ee 8.20-11 - TRIG 45s eoweestarcss 102 - 
OS eS Sl ne ee aes 12 —13.50 “ MO 5 ke ecm eere 120 “ 
inti ces "See aes ee ea 15.50-19.50 e $9O8T o5k alweedeces 97 = 
BGG— | WIIG. Oe ss 24 = i ae ae oe ae 102 - 
Ve ae ee ee ane 23. -28 aad 1683: Bussiness III = 
2) coe en en eee 43 45 43 

ig" OR a sctvewrasasles 47 


The price of platinum (refined) was in the 1860-years about 
a fourth, in the 1870-years about a third, and in the 1890—years 
about half of the gold price. In 1904, it rose as high as that of 
gold, and in the last years before the war it became double that of 
gold. In later years, the price of platinum has been four or five 
times as high as that of gold, but this price has been abnormal 
because of the considerable decline of the Ural production in 
later years, during and after the war. 

The Russian production reached its maximum in the period 
1898-1903 (the official statistics in 1901 and 1902 showing 6372 
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and 6136 kg. crude platinum), declined during the Japanese war 
in 1904 and 1905, rose again in the period 1906-1913 or 1914, 
but, in spite of the great rise in price during these years, not quite 
as high as in the foregoing years. The placers, derived from 
relatively very small areas of dunites and pyroxenites, are far 
from being exhausted. During the World War and the Russian 
civil war, the production sank very considerably, but, though 
again rising somewhat in the last years, has not gone nearly as 
high as before the war. It is generally believed that the Ural 
placers in the future cannot deliver as much as they did some 
decenniums ago. 

The placers of platinum as well as of gold are everywhere 
limited, and in the future, perhaps the distant future, we shall 
have to turn our attention principally to platinum in rock, espe- 
cially to the great new discoveries in the Transvaal, but also to 
the Norylsk district in Siberia. In the immediate future we may 
expect a fall in the price of platinum. 

Even at the high platinum prices under normal conditions be- 
fore the war, the total yearly production of platinum amounted 
to only 1/60-1/100 of the production of gold. This gives an 
idea of the relative richness of the old known deposits, especially 
at the placers, of platinum compared with the deposits of gold. 
But I warn against the presumption that these figures should give 
an idea of the relative distribution of the two metals in the rocks 
in general. 

The magmatic concentration in the proto-direction has never 
gone so far that the minute contents of platinum in the magmas, 
even in the dunite magmas only amounting to about 0.000 OI 
per cent. or perhaps somewhat more, have been strongly enriched 
and even the best magmatic platinum-bearing deposits seem not 
to carry on an average more than about 10 gr. per ton, or 0.001 
per cent. Pt. And the great power of resistance of platinum— 
or platinum metals in general—against chemical attack prevents, 
in general, a great concentration in ore deposits formed by gase- 


ous or hydrous processes, even if Waterberg is an exception which 
may be due to unique conditions. 
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GENETIC SUMMARY. 

The ore deposits carrying noteworthy contents of platinum 
(or platinum metals) are with some few exceptions formed by 
magmatic concentration ; yet minute amounts, especially of palla- 
dium and platinum, are also present in other genetic classes of ore 
deposits. 

In cinnabar deposits and the hydrometasomatic galena-sphaler- 
ite deposits, all deposited from hydrous solutions at a rather low 
temperature, platinum metals seem to be practically absent. The 
same is also the case with the great groups of relatively high tem- 
perature deposits carrying cassiterite, wolframite, etc., and char- 
acterized by fluorine and boron minerals, and the platinum metals 
can not—or only to a quite extraordinarily low extent—have 
been extracted from the magmas by fluorine or chlorine agencies. 
I have given above the reasons for disagreeing with Wagner’s 
interpretation of the platinum content of the hortonolite dunite 
being due to the presence of fluorine in the magma, and of Vaal- 
kop as a contact metamorphic deposit. 

The ordinary sulphidic copper ores, formed by gaseous or 
hydrous processes, carry as a rule some silver, a metal having 
several reactions similar to those of copper. The usual propor- 
tion is, 100 copper: 0.05—0.25 silver. There is further a little 
gold, often in the proportion 100 silver: about I-8 gold, and a 
very small amount of platinum metals, often in the proportion 
100 parts of gold: 0.2—1, and seldom 2 or 3 parts of platinum and 
palladium, taken together. This proves that also a little of the 
platinum metals was extracted together with copper, silver, and 
gold from the original mother magma (or mother rock), but only 
in a minute inconsiderable quantity, which may depend on the 
extraordinarily high power of resistance of the platinum metals 
to most chemical agencies. Palladium, offering the lowest re- 
sistance, usually prevails over platinum at these deposits. 

Native gold of quartz veins has in places been found to carry 
a little platinum, yet only with few exceptions in a higher quantity 
than 0.4 platinum to 100 parts of gold. A short time ago, con- 
siderable quantities of platinum metals (platinum with a rather 
great admixture of palladium) were discovered at Waterberg in 
23 
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the Transvaal. According. to Wagner, the platinum metals here 
may have been derived from basic or ultrabasic magmas (or 
rocks) rich in magnesia, but in what manner is an open question. 

The two previously known geological groups of ore deposits 
bearing platinum metals are both connected with basic igneous 
rocks. This justifies the conclusion that the platinum metals, 
during magmatic differentiation, were concentrated in the basic 
rocks. The explanation may be that the platinum metals in the 
main crystallizing at an early stage, together with Fe, Mg-sili- 
cates rich in the Mg-components, by gravitative differentiation 
were concentrated and resorbed together. 

I. The primary deposits especially of native platinum in 
dunite (and pyroxenites) may be divided into two geological 
subgroups. 

I-A. Deposits of the Ural type, occurring in ordinary dunites 
resulting as the endproduct of the magmatic differentiation in the 
proto-direction, and nearly related pyroxenites. By renewed 
magmatic differentiation within the magmas of dunite (and 
pyroxenite) were formed segregations of chromite, sometimes 
accompanied by some native platinum and a little osmiridium, etc. 
These deposits carry only a small part of the original quantity of 
platinum in the dunite or pyroxenite magmas. This subgroup is 
also represented in the Transvaal, but without great economic 
importance. 

I-B. At the deposits of the Onverwacht type in the vast Bush- 
veld igneous complex the platinum (Table V., no. 40) occurs 
within hortonolite-dunite, forming irregular, coarse-grained and 
even pegmatitic veins, etc., within olivine-dunite and representing 
the residual magma at the solidification of the olivine-dunite. A 
part, to be sure only a subordinate part, of the quantity of plati- 
num in the magma of the total dunite was enriched in the residual 
magma, delivering the hortonolite-dunite with an average of at 
most about 10 gr. platinum per metric ton. 

II. The magmatic segregation of nickeliferous pyrrhotite in 
norite and nearly related rocks may, with regard to their con- 
tents of the platinum metals, be divided into two subgroups. 

IIl-d. The Sudbury-Erteli type, carrying rather great quan- 
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tities of sulphides and bearing only a very small content of plati- 
num metals, with usually somewhat more palladium than plati- 
num. In 100,000 kg. nickel, these deposits contain on an average 
about 1.5 kg. platinum metals. 

II-B. The deposits of the Merensky type in the Bushveld 
field, the sulphidic norite here as a rule containing only about 3-4 
per cent. sulphides (the same as above, but the mixture containing 
on the average as much as 8-10 per cent. nickel) and about 5 gr. 
platinum metal (platinum with some palladium) per ton of sul- 
phidic norite, equalling somewhat more than 100 gr. platinum 
metals per ton sulphide. In relation to 100,000 kg. nickel, these 
deposits carry about 150 kg. platinum metals; thus, in relation to 
nickel, about 100 times as much platinum metals as the ores of 
the Sudbury-Erteli type. 

In both cases, the content of nickel, copper, etc., and of the 
platinum metals may have been extracted from the original norite 
magma by the mass action of RS. The pronounced difference, 
especially as to the platinum metal content—and also some dif- 
ference as to the nickel content—may be due to the fact that at 
the Sudbury-Erteli deposits there is a great quantity, and at the 
Merensky deposit, on the other hand, there is only a small quan- 
tity of sulphides per ton of magma. As to the Merensky de- 
posits, we may further note the fact that these deposits resulted 
from a very far advanced differentiation, extracting the heavy 
metals not only from the magmas of the proper norites, rather 
rich in Mg, Fe silicates, but also from the magmas of anorthositic 
norite or anorthosite. 

The Vaalkop deposit, carrying pyrrhotite-pentlandite and chal- 
copyrite accompanied by some platinum (about 6-17 gr. per 
ton) in a narrow zone of a contact-metamorphosed dolomite im- 
mediately at the boundary of a sulphidic norite is, by Wagner, ex- 
plained as a contact-metasomatic formation; nickel, copper and 
platinum being extracted by gases from the norite magma and in 
that manner being transported to the adjacent rock. According 
to Wagner’s description, I presume a different process, namely, 
a magmatic intrusion of the very thin, fluid, molten sulphides. 

TRONDHJEM, 

Norway. 








PRELIMINARY STATEMENT REGARDING THE DIA- 
TOM “ EPIDEMICS ” AT COPALIS BEACH, WASH- 
INGTON, AND AN ANALYSIS OF DIATOM 
OIL.* 


L. B. BECKING, C. F. TOLMAN, H. C. McMILLIN, JOHN FIELD, 
AND TADAICHI HASHIMOTO. 


INTRODUCTORY STATEMENT 


THE present paper deals with observations made at Copalis 
Beach, Washington, in 1925 by H. C. McMillin and again on 
May 2-3, 1926, by Becking, Tolman, McMillin and John Field, 
during the study of “epidemics” of the diatom Aulacodiscus 
kittoni, Arnott, and also the preliminary results of a chemical 
study of the oil secreted by this diatom, by Tadaichi Hashimoto. 
A second paper by Tolman summarizes the results of a long 
continued microscopic study of the Tertiary diatomaceous and 
organic opal sediments of California and contains a brief exposi- 
tion of the bearing of these data and of the biological and chemi- 
cal study reported in the present paper, on the origin of the petro- 
leum deposits of California. 

The two senior authors of this paper have been appointed 
directors of Research Problem No. 5, American Petroleum Insti- 
tute, and have prepared these preliminary statements in order to 
define the status of their investigations up to the time when funds 
for more detailed work were made available. (February, 1927). 

The introductory statement of the present paper and the de- 
scription of the locality where the diatom epidemics occur have 
been prepared by Tolman. Becking has summarized the biolog- 
ical and chemical results from data obtained by H. C. McMillin 
(field work), Tadaichi Tashimoto (chemical analyses), Lewis A. 
Thayer (literature review), and L. B. Becking. 

* This paper will be followed in the next number by a second paper on “ Bio- 


genesis of Hydrocarbons by Diatoms” by C. F. Tolman. 
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DIATOM “EPIDEMICS” AT COPALIS BEACH. 


DESCRIPTION OF LOCALITY. 


Copalis Beach is located about 60 miles north of the Columbia 
River, and is the northern portion of what was originally the 
great barrier bar of Grays Harbor. It is reported by McMillin 
that the bar has been joined to the mainland and thus converted 
to a beach since the building of Grays Harbor jetty fifteen years 


ago. 
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The accompanying map (Fig. 1) is compiled from the Coast 
and Geodetic Survey maps of Grays Harbor and Map No. 6002 
of the coast north of the Columbia River. 

The most prolific epidemics of Aulacodiscus kittoni appear to 
occur along Copalis Beach, as far as we can learn from the data 
gathered by McMillin. Therefore the topographic features of 
the coast along the beach are of interest for they may account for 
the development of the optimum conditions necessary for the 
severe epidemics that occur in this vicinity. 

The water is shallow off Copalis Beach. A depth of 7 fathoms 
occurs at a distance of about one and a half miles from shore, 
and the 30 fathom contour line is about ten miles off shore. 
However, this is the average depth of shallow water from the 
mouth of the Columbia River to Destruction Island, 85 miles to 
the north. 

The 100 fathom line, which bounds the continental shelf in this 
region, and beyond which there is an abrupt drop-off, bows sea- 
ward opposite Copalis Beach, where it is 33 miles off shore, while 
to the north, opposite Cape Elizabeth, and to the south, below the 
mouth of Willapa Bay, it is 19 miles from shore. This may 
suggest a northwardly crowding of the delta of the Columbia due 
to northerly currents. 

Detailed data regarding the ocean currents have not been 
gathered as yet. McMillin noted a strong northerly drift of 
wreckage along the beach. 


THE EPIDEMICS OF AULACODISCUS KITTONI 
As shown in a subsequent portion of this paper, temperature 
and salinity are important factors controlling the outbreak of the 
epidemic. The general conditions that develop the favorable 
temperature, salinity, and other unknown factors, are summar- 
ized as follows: 
The epidemics occur: 


1. Towards the end of the rainy season in April and May. 
. After a heavy rainstorm. 

When the rains are followed by gentle westerly winds. 

. And they reach a maximum when the rain is followed by 
clear weather and bright sunshine. 
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From these data McMillin was able to wire to the party that 
conditions were favorable for the occurrence of an epidemic 
within the next two or three days. On the evening of our ar- 
rival an occasional patch of diatom aggregate was formed back 
of the first line of breakers, and a fringe of green diatom culture 
appeared at the tip of the waves on the beach. At 8 a. m. the 
following morning large patches, 100 to 200 yards wide were 
forming between the first and second breakers, with interspaces 
somewhat larger in area practically free from diatoms. Smaller 
aggregates a foot or two in major diameter appeared beyond the 
second line of breakers, in line with the diatom rich areas nearer 
shore. 

Green masses of pure diatom culture were washed up on the 
beach by the waves, with a maximum thickness of about three 
inches. Unfortunately the rain started again about Io a. m., and 
washed the culture back into the ocean, and the continuation of 
the storm suppressed the epidemic. 

Fortunately McMillin studied several epidemics in 1925, and 
described one during which the waves washed up a continuous 
ridge of diatom culture some 20 miles long, and from 4 to 6 
inches deep. 

During the 1926 examination sample pits were dug along lines 
across the beach to a depth of from 12 to 24 inches, and samples 
of sand taken from these pits were examined in the laboratory. 
In every case the sand sample was relatively free from diatom 
tests. Copalis Beach, therefore, although a wonderful laboratory 
for the study of diatom epidemics and the organic compounds 
manufactured by diatoms, has not as yet furnished data regard- 
ing the preservation and accumulation of deposits of diatom 
tests, or diatom oils. 

Furthermore, we wish to emphasize that in the preliminary 
biological and chemical work, we are not concerned as to whether 
or not diatoms may be considered as the main agents in the forma- 
tion of California petroleum.* A consideration of this question, 
and the bearing thereon of the geological data furnished by the 

1Cf. J. R. Takahashi: The Origin of California Petroleum, Ecox. Geot., vol. 


22, pp. 133-157, 1927. 
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organic opal sediments of Tertiary age, and of the biological and 
chemical data herein summarized appears in the companion paper 
by Tolman on the biogenesis of oil by diatoms. 

We venture to point out, however, that diatoms may occur in 
enormous quantities, and that the large diatom mass contains 
considerable amounts of lipoid substances. In these respects the 
diatoms do not occupy a peculiar position, for there are other 
organisms known which may occur in large quantities and con- 
tain appreciable amounts of oil.’ 





Fic. 2. Aulacodiscus kittoni Arnott X 500. (Photograph 
by G. D, Hanna.) 


However, the favorable conditions for the study of diatom 
masses and the ease with which diatom oil can be collected make 
Copalis Beach the logical place to start our investigation, and it 
is hoped that the data collected will furnish information that may 
throw light on the conditions under which the enormous fossil 
deposits of diatomaceous origin are formed, and on the origin of 
the oil associated with them. 

Aulacodiscus kittoni Arnott is a centric marine diatom (see 
Fig. 2), essentially a nectonic form (floating at the surface). 

2Cf. Thiessen: The Origin and Constitution of Coal, Proc. of Wyo. Hist. and 
Geol. Soc. Wilkes-Barre, Pa., vol. XIX., pp. 1-44, 1924; Microscopic Study of Coal, 
U. S. Bureau of Mines Bull. 38, 1913, pp. 187-304, particularly pp. 188, 303; 


Origin of the Boghead Coals, U. S. G. S. Prof. Paper 132-I. Contr. to Gen. Geol., 
1923-24, pp. 121-128, May 14, 1925. 
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Epidemics of this form are well known. To quote Van Heurck,? 
“A large number of the Aulacodiscus are found in fossil de- 
posits, others inhabit tropical seas, where they are sometimes 
formed in immense numbers; it was in this way that my friend, 
Mr. Hens in his botanical expedition to the Congo, found the sea- 
coast at Banana covered with a greenish bed of Aulacodiscus 
africanus Cott. (= A. kittoni Arnott var.), and was able at once 
to fill a large vessel with this species, absolutely pure.” 

The region north of the Columbia River seems to form an- 
other habitat for this curious form, which was observed in great 
quantities in 1925 and again in 1926. The “ epidemic” occurs 
in May, during the spring rains. On May 1, 1926, floating 
masses of diatoms appeared, diameter about 4 inches, with a 
large air bubble in the middle (Fig. 3). Next morning the 





‘ 


Fic. 3. Beginning of a diatom 
ton, May 1, 1926. The spots in the water are floating masses of diatoms 
about five inches in diameter supported by a large air bubble in the 
center of the mass. 


“epidemic,” Copalis Beach, Washing- 


masses were from one to two feet long, from 4 to 8 inches wide, 
following the edge of the breaker. Between the first and second 
breaker they were present in large areas. The breakers were 
®H. Van Heurck, “ The Diatomacaea,” p. 488. 
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pitchblack and wave action was hampered noticeably by the float- 
ing masses. The crests of the third and fourth breakers showed 
red in reflected light. On the beach the masses thrown up by a 
breaker were often 6 inches high and 3 feet long, and developed 
intermittently for a distance of twelve miles (Fig. 4). Another 





Fic. 4. Small mass of diatom culture thrown up on the beach by the 
waves. Copalis Beach, May 2, 1926. 


form, possibly Synedra nitchioides Grun, the cause of the “ red 
surf,’ was more apparent later in the day. 

While a huge amount of diatoms was present, the epidemic was 
insignificant as compared with that of 1925, when thousands of 
tons of the material were washed ashore, covering the beach 
with a mass from 4 to 6 inches thick. 

The specific gravity of the water, at 11.5° to 12.5° C. varied 
from 1.026 to 1.024. The heavy rains in the shallow bay may 
cause a marked decrease in salinity (Fig. 5). 

The heaviest diatom development occurred (1925) after 
copious rains at a temperature of 13° to 17° C. Apparently the 
water was still too cold during our 1926 observations for the 
maximum development of the epidemic. 
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Fic. 5. Specific gravity of average Copalis seawater as a function of 
temperature (straight line). The area to the left of the curve repre- 
sents dilution. D marks the readings taken during copious diatom de- 
velopment. 
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Fic. 6. Frequency curve of pH value of Copalis seawater. Diatom 
development is in the region of high alkalinity. Data uncorrected for 
salt error. 
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In May, 1926, the pH (uncorrected) of the seawater was 
about 8.2. The total base .0233 molar. In 1925 a distinct re- 
lation between pH and diatom development was apparent (Fig. 
6). This correlation, also found in freshwater diatoms,* is due 
to the fact that a photosynthetically active mass will shift the 
bicarbonate-carbonate ratio of the water in the carbonate direc- 
tion. Inasmuch as 


(H CO,—)/(CO; =) = (H +)/ke 


we will therefore expect a decrease in hydrogen-ion concentration 
during the process (provided that the organism is present through- 
out the mass of water tested). The values expressed in Fig. 6 
(100 colorimetric determinations, uncorrected for salt error) 
illustrate this effect.° 

Subsequent laboratory work has shown that optimum diatom 
development actually lies at salinities between 2 and 2.5 per cent. 
These facts are amply substantiated by other workers.° 

The, fresh diatom material collected May 3, 1926, contained 
one or two droplets of oil associated with each of the chlorophyll 
bodies of the diatom (see Fig. 8). At the time the material was 
collected there had been no direct sunlight, and the chlorophyll 
bodies had not been intensely activated. Under more favorable 
conditions larger amounts of oil may be secreted. 

Juday,’ in his work on freshwater plankton, states that: “ The 
diatom sample contained a larger percentage (22.48) of ether ex- 

4H. C. McMillin and L. B. Becking, Rep. Cordilleran Sec. of the Am. Geol. 
Soc., January, 1926. 

5 Cf. Vladimir Moravek, Univ. Vrno. Science. Publ. LIII. 1, 1925. 

Atkins, W. R. G. The Hydrogen Ion Concentration of Seawater in its Relation 
to Photosynthetic Changes. Jour. Marine Biol, Ass. 12, 717 (1922); 1I3, 93 
(1923) ; 13, 437 (1924). 

Schulz, Bruno, Einiger iiber die Kohlen saurefaktoren in der Nord-Ostsee. 
Festskrift fillignad ad Prof. O. Pettersson and Archiv. der Deutschen Seewarte 
40, 1 (1922). 

6 Murray, John, Proc. Roy. Soc. London, XIV., 471, 1870. Castracane, Chal- 
lenger Repts., IV., 11, 10, 1876. Murray, J. and Irvine, R., Proc. Roy. Soc. Edin- 
burgh., XVIII., 229, 1891. Zimmermann, M., Ann. Rept., Smiths. Inst., 1909, 331. 
Oltmanns, Fr., Morphologie u. Biologie der Algen, 2 ed., III., p. 241, 1923. 
Richter, Ad., Flora, 1892. . 

7 Chancey Juday, Wisconsin Survey, Bull. 64, 1922, p. 164. 
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tract than any other sample of plant materials.” Brandt,® finds 
9 per cent. ether extract in marine diatoms. 

The material collected in 1925 was kept in storage six months 
before it was studied. Examination of this material showed no 
oil droplets. This suggests that the organism may consume its 
store of oil and die, and also suggests why certain types of diato- 
maceous deposits appear barren in oil. 





Fig. 10 


Fic. 7. Sideview of empty shells and shell releasing its plastids by 
pressure on coverslip. 

Fic. 8. Median focal plane of intact diatom. Nucleus centrally 
situated, plastids (large circles) and oil droplets (small shaded circles). 

Fics. 9, 10, 11. Breaking of the shell in fresh water and release of the 
oil from the plastids. Diamond shaped figures represent a crystalline 
substance. 


8 Wiss. Meeres untersuchungen Kiel., f. I1I., 45, 1898. 
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The studies at Copalis Beach this year may throw light on the 
amount of oil stored in the diatom at various times in its life his- 
tory. 

A curious phenomenon was observed when placing the diatom 
in fresh water. While the living diatom collected May 3, 1926, 
did not seem to contain much oil, in the fresh water the brittle 
shells broke apart (Fig. 7), and the green chlorophyll bodies came 
out. The plastids began to swell. In five minutes the plastids 
had swollen in diameter from ten to twenty micra, or 100 per 
cent. The oil began to ooze out (Figs. 8-11). The droplets 
increased in diameter from two to twenty micra. In about 45 
minutes this process seemed to be completed. The shells are 
very brittle, so that the plastids are easily liberated. 

This process of breaking up the diatom shell while the organ- 
ism is alive and contains oil by the osmotic pressure of the cell- 
sap, and the driving out of the oil into the surrounding colloidal 
medium will be discussed in the second paper by Tolman. 


ANALYSIS OF DIATOM OIL.® 


The diatoms were freed from sand and other foreign materials 
and dried in an oven at 105° C. for 24 hours and immediately 
placed in a vacuum dessicator over lime and kept for another 24 
hours. 100 c.c. of the substance thus dried (closely packed) 
weighed only 18.8 gms., and on ignition gave 78.7 per cent of a 
white siliceous ash. When extracted with ether at its boiling 
temperature in a modified Soxhlet extractor, it yielded 1.74 per 
cent. of extractable matter at the end of the first week, and ad- 
ditional .33 per cent. at the end of the second week, giving a 
total 2.07 per cent. of the dry weight. This represents 9.7 per 
cent. of the total organic matter of the diatom. 

® The material analyzed was collected by McMillin in May, 1925. The culture 
was kept in a 5-gallon oil can for several months, was dried and kept as a powder 
for several months longer before analytical work was undertaken by Hashimoto. 

In the analytical work, methods involving destructive distillation have been 
rigorously avoided, as such procedure merely determines the artificial products 
produced under the conditions of the experiment. Under skilful manipulation 
hydrocarbons can be produced by destructive distillation from practically all types 
of organic material. 
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In order to obtain a workable quantity of the oil, diatoms were 
extracted with chloroform or with a mixture of chloroform and 
benzene at the boiling temperature of the solvent, in an ex- 
tractor especially designed for the purpose (which will be de- 
scribed elsewhere), until the extract became practically colorless. 
The solvent was distilled off, and the residue, consisting chiefly 
of chlorophyll and oil, was extracted with a comparatively large 
volume of petroleum ether. Most of the chlorophyll could be 
removed as residue, due to its low solubility, while the oil re- 
mained in the solution. ‘“ The use of alcohol was avoided, lest 
phytolalcohol should contaminate the true diatom oil.” 

The petroleum ether solution was dried over anhydrous sodium 
sulphate, and boiled with freshly activated animal charcoal in a re- 
flux condensor. In a few hours the solution became practically 
colorless. 

On distillation of the solvent, a mass of light yellow needle- 
shaped crystals separated out. The process was repeated until 
almost all crystalline material was precipitated. This material 
amounted to approximately 11.3 per cent. of the chlorophyll-free 
extract. 

The (uncorrected) melting point after recrystallization was 
115°C. The substance is very slightly yellow, insoluble in water, 
scarcely soluble in boiling alcohol, but freely soluble in ether, 
chloroform and acetone. 

When alkali was added to the colorless alcoholic or acetone so- 
lution, a deep blue color (green to yellow according to dilution) 
developed, which became colorless again on standing or by the 
addition of several acids. Acidification caused liberation of 
H.S or a copious formation of free sulphur. 

The large amount of this sulphur compound of unknown com- 
position may have a significant bearing upon the question of the 
origin of sulphur compounds in oils. 

The remaining semisolid oil had the following properties: 


DEAD. dei s ghe's a's ube aw oo slslaiealcls « bel nre SROs ieee WES 9-55 
PARE AO CRIN ano 0:0 0e See Sve cesa, 0 0m wc6 wis hepa agua se punts 4-9 
SPRDUMIRCINION DOMIS 5556-00. 00s 2 dated abd ode cele n eae 86.7 
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Of the oil 16 per cent. was insoluble in boiling alcohol (after 
three extractions). This alcohol insoluble matter was a light 
green colored wax, saponification value 84. The saponification 
value of the alcohol soluble matter was 89. 

The free fatty acids of the oil are non-homogeneous, consisting 
of a wax-like solid, m.p. 90°, and a substance liquid at room tem- 
perature. They had: 


RO RUDTRDR MOREE AI ONY IREOR EE Fe co <a fo, = 70S ec es Aw seus ara, os 0 Goss 5. are 130.7 
RIMEBE RID. Shi cobs ey pisos. fis there'a sips WS tale oles hele ee 75.1 


It is quite apparent that the acids of the diatom oil are a mix- 
ture of higher, wax-like, fatty acids, and lower, unsaturated fatty 
acids. 

The unsaponifiable matter was yellow colored due to carotinoid 
pigments. It had a characteristic odor, and melted at 25.5° to 
26°, and its iodine number was 39.6 (Wys). On acetylation did 
not increase the weight. (A loss of 1.2 per cent. in weight was 
probably due to the escape of some of the lighter components with 
water vapor. ) 

It seems that the unsaponifiable matter consists chiefly of hy- 
drocarbons and a small quantity of phytosterols and alcohols. 
The presence of such an unusually large quantity of unsaponi- 
fiable matter (hydrocarbons) and also of the organic sulphur 
compound is quite noteworthy. 

The following analysis of fresh water plankton by Schuette® 
may be compared with our results: 








No. . 8 D 403 
% ether extract in Gry sample: 5.0.0. se.0.0' os02 049 8.01 13.47 21.25 
i RIES 5 se RS se RA SSE 9 eg 1.4777 1.4785 1.4810 
Iodine No............ CUTE TE A, FELIS Eten on FoR 102.08 87.58 172.88 
SNM AIMEE IND, 5 or as fie els va ae th vk bares Sa eee 248.60 208.56 
OMEENT SUCIEN. UNO oes es oS en eSiS ee ewes cee eet 1.16 .94 
iy Pare ere oO re ee 1.55 1.22 
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AN ALUNITIC GOLD ORE IN THE BLACK HILLS. 
FRANK F. GROUT AND G. M. SCHWARTZ.! 


INTRODUCTION. 


In connection with the annual trips of the Minnesota class of 
geology students to the Black Hills, South Dakota, it has been 
found that the ore at the Rattlesnake Jack Gold Prospect is 
alunitic.” Since alunite does not seem to have been reported 
from the Black Hills a few notes are offered on its occurrence 
and relation. 


GENERAL SITUATION AND GEOLOGY. 


The Rattlesnake Jack mine is a few miles southeast of Dead- 
wood and Lead, and about two miles west of Galena. See Fic. 1. 





0 Two Bit 





iia J One mile 


—~—_ 











Fig. 1. Sketch map showing the location of the Rattlesnake Jack mine. 
1 Presented before Society of Economic Geologists, Madison Meeting, Decem- 
ber, 1926. 
2A senior thesis on this prospect was presented at Minnesota School of Mines 


in 1923, by Mr. Fred H. Wilcox. 
24 369 











370 FRANK F. GROUT AND G. M. SCHWARTZ. 





It is east of the Gilt Edge Maid Mine, shown on the topographic 
maps of the Lead quadrangle, and is opened from the slopes of 
Strawberry Creek, along which are a road and an abandoned 
railroad. 

The bottom of Strawberry Gulch near the mine cuts into pre- 
Cambrian schists, but the mine is opened in an intrusive porphyry 
of Tertiary age.» On Union Hill, where there are several gold 
prospects besides the Rattlesnake Jack, the rock ranges from 
granite and rhyolite to trachite porphyry with numerous phe- 
nocrysts up to 2 inches across. It may be a laccolith or plug near 
the mine, but its relations are not very clear. When traced east 
half a mile it is found probably continuous with the porphyry 
sills intruding the nearly horizontal Cambrian quartzites and 
shales. At the mine there are many inclusions of both Cambrian 
and pre-Cambrian rocks. The prospect thus occupies a place 
near the edge of the pre-Cambrian core of the Black Hills uplift, 
about where the older rocks rise from their cover of surrounding 
sediments. The gulches cut through a thickness of over 450 
feet of porphyry, and a drill at Union Hill Mine, found only 
porphyry to a depth of 600 feet. 


DETAILED NOTES ON THE ORE. 


All the ores of the Union Hill group of mines are in porphyry. 
One company hoped to work the whole hill but the assays proved 
to be only $2.50 per ton in such a large mass. There are locally 
much richer pockets. 

The special ore at the Rattlesnake Jack prospect is in a fault 
or brecciated zone running about northeast and dipping about 
82° to the southeast. Judging from the small amount of gouge, 
the movement may not be great, but southeast of a slickensided 
fault plane at the footwall there is a conspicuous breccia zone 
about 50 feet wide. The breccia is cemented and impregnated 
with pyrite, quartz and other minerals. The alunitic phases have 
a characteristic pale purplish pink color. 

The workings include tunnels at two levels, besides shafts and 


3’ Darton, N. H., and Paige, S., Central Black Hills Folio, No. 219, U. S. Geol. 
Survey, 1925. 





open 
and 
the ] 
ably 
brec 

M 
phy 
ther 
publ 
dian 
twee 
of \ 
pyri 
apat 
hem 

T 
of f 


Fig. 


Fy 
pyri 
men 


Id 
ym 
1e- 
sar 
ast 
ry 
nd 
ian 
ace 
ft, 
ing 
}50 
nly 


ry. 
ved 
ally 


ault 
out 
1ge, 
ded 
one 
ated 
lave 


and 
Geol. 























AN ALUNITIC GOLD ORE IN THE BLACK HILLS. 371 
open cuts. A trial mill run indicated over $3.00 a ton in gold 
and silver near the surface. Assays by Mr. Wilcox show that 
the lower workings carry $7.87 in gold and .19 in silver, prob- 
ably not very uniformly distributed. Values decrease as the 
brecciation diminishes about 50 feet from the fault. 

Microscopic study of the ore shows that the brecciated por- 
phyry still has a large proportion of untwinned feldspar, but 
there is a little quartz and a little albite. (Analyses previously 
published * show considerable soda.) The phenocrysts have 
diameters around 2 to 5 millimeters in most of the ore. Be- 
tween the larger fragments lies a matrix of similar material, some 
of which is very fresh but some largely replaced by sericite, 
pyrite, alunite, and quartz. There are accessory amounts of 
apatite and magnetite. Weathered specimens show kaolin, 
hematite and limonite. 

The mineralization seems to have begun with the introduction 
of pyrite which fills fractures and replaces some feldspar (see 
Fig. 2) and probably other minerals. This slight mineralization 





Fic. 2. Specimen showing replacement of feldspar fragments. The 
pyrite grain at the left transgresses the boundary of the feldspar frag- 
ment. 


4A, I. M. E., 1892, vol. 27, p. 204. 
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extended widely into the porphyritic country rock and was not 
strong enough to destroy entirely the leucoxene pseudomorphs of 
some ferromagnesian primary minerals. For the most part this 
action produced relatively little sericite, and that which was pro- 
duced was later kaolinized especially near the outcrops. Some 
of the fragments in the ore breccia show no more alteration than 
this mild degree. One specimen shows an accompanying in- 
troduction of quartz and adularia, but this does not seem com- 
mon. 

Aiter the development of pyrite, alunite was introduced, ap- 
parently first forming rims around the pyrite, but also cementing, 
filling fractures, and extensively replacing the feldspar. Grains 
can be found in a single thin section, representing all stages of 
replacement of feldspar phenocrysts and fragments by alunite. 
The grain of alunite is fine but variable, and in the groundmass 
grades off into the confused kaolin matrix. The contacts be- 
tween alunite and feldspar are sharp in some places but very 
intricate in others. At this stage of mineralization no traces of 
original ferromagnesian minerals are left. 





Fic. 3. Alunitic gold ore. The white areas are remnants of a large 
feldspar, largely replaced by alunite (granular gray). The pyrite (black) 


has narrow rims of alunite. 
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As a result of its later introduction alunite nearly everywhere 
encloses the pyrite. The alunite may form a narrow rim or large 
area (see Fig. 3), and when the area is large there are signs that 
the narrow rim formed first. It is possible to find clearly marked 
rims of alunite around pyrite in large areas of alunite. See Fig. 
3. It might even be suspected that the rim was a different min- 
eral, except that some crystals are optically continuous across the 
boundary. Both the rims and largér granular areas are therefore 
alunite. It is not impossible however that some related iron sul- 
phates may be associated, for some fine-grained areas in the 
matrix have weathered to limonite. A few grains of pyrite with 
rounded outline enclosed in a sharp-cornered square area of 
alunite, suggest a slight corrosion of pyrite by the solutions in- 
troducing alunite. 

After work on the thin sections had indicated that the intro- 
duced mineral was alunite the conclusion was checked by its index 
in oils, by Schaller’s test, and by a spectroscopic identification of 
potash in the water solution obtained from the ignited insoluble 
portion of the original ore. 

Little can be said at present as to the origin of the alunite in 
this deposit. The best specimens of alunite are quite free from 
oxidation and it seems likely that the mineral is a result of hot 
pyrite-bearing waters, though the brecciation of the ore zone 
might favor a mingling of hot ascending solutions with oxidized 
waters as suggested for other deposits.° The association with 
adularia may also be taken as suggestive of shallow depths at the 
time of mineralization. 

UNIVERSITY OF MINNESOTA, 
MInINEAPOLIS, MINN. 


5U. S. Geol. Survey Bull. 511, p. 63, 1912. 
6 Butler, B. S., and Gale, H. S., Alunite, U. S. Geol. Survey Bull. 511, 1912. 








ORIGIN OF THE CRETACEOUS WHITE CLAYS OF 
SOUTH CAROLINA. 


FRED R. NEUMANN. 


THE Cretaceous white clays of South Carolina have long at- 
tracted attention on account of their unique character, uses, 
stratigraphic position, and origin. Because of their high purity 
they have been extensively worked, and this in recent years has 
resulted in numerous openings having been made, affording a good 
chance to study them. 





Fic. 1. Outline Map of the South Carolina White Clay Belt. 


The stratigraphic position of these deposits has been discussed 
by a number of writers, but the origin of such extensive beds of 
white clay has been less frequently considered, and it is with this 
problem that the present paper deals. 

Location.—The white Cretaceous clays are found in a belt 
along. the inner margin of the Coastal Plain, and extend in a 
northeasterly direction through the center of the state. This belt 
which is from 3 to 40 miles wide is important in the counties of 
Chesterfield, Kershaw, Richland, Lexington, and Aiken (Fig. 1). 
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The clays and associated sands rest unconformably upon 
crystalline rocks, and the whole series has a seaward dip of less 
than 100 feet per mile. Near their inner margin the sediments 
are only a few feet thick, but towards the southeast the thickness 
increases to 400 to 600 feet. 

General Character.—The Cretaceous sediments of this belt con- 
sist of interbedded clay lenses, sand, and some gravels (Fig. 2). 
The outstanding features of the clays are their whiteness and mas- 
sive character (Fig. 3), no bedding having been observed in any 
of them. The lenses range from a foot to somewhat more than 
25 feet in thickness. Some small lenses are only 25 feet long, 
but the larger ones are known to have a length of at least several 
hundred feet. Jointing and slickensides are common features. 

















Fic. 3. Jointed Clay and Cross-Bedded Overburden With Thin White 
Clay Layers. 


In general the clays are free from grit but some contain much 
quartz and muscovite and grade horizontally and vertically into 
kaolinitic sands. The upper few feet of most of the clay deposits 
are stained red and brown by iron oxides, deposited by water 
seeping down along joints, and a capping of limonite is found on 





en 


FI 


Wl 
of 
so 








ite 


ich 
1to 


sits 
ter 
on 











CRETACEOUS WHITE CLAYS OF SOUTH CAROLINA. 377 
most of them. This was probably formed by the leaching of iron. 
from the overlying ferruginous sands, and its subsequent depo- 
sition on top of the impervious clay bed. In Aiken County some 
deposits have a black lignitic clay at their base and this material 
grades upward through gray and buff to a white clay at the top. 
Whether the occurrence of this black clay is abundant cannot be 
stated, as excavations at many of the pits have not gone deep 
enough to uncover it, if present. 














Fic. 4. Parker Mine, Aiken County, S. Ca. Shows conchoidal frac- 
ture of the white clay, and the cross-bedded gray and brown 
sandy overburden. 


Minerals in the Clay Deposits. The principal minerals of the 
white clays are kaolinite and hydromica, with small amounts 
of quartz, muscovite, and iron oxides. Fossils are scarce but 
some plant remains have been found and described by Berry.’ 

Associated with the clays are vari-colored sands. The lighter 


1 Berry, E..W., “ The Upper Cretaceous and Eocene Floras of South Carolina 
and Georgia,” U. S. G. S. Prof. Paper 84, 1914. 
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sands lack iron oxide and contain abundant kaolinite. Almost 
every section shows some cross-bedding; and local unconform- 
ities, often marked by clay balls in the sand just above a clay bed, 
are common features. The minerals of the sands, though in dif- 
ferent proportions, are the same as those of the clays, and indicate 
a Piedmont origin for the sands and clays. 

Table I. shows the minerals found in some of the sands and 
clays. Sands 1, 4, 5, 6, 7 and 8 were washed out of impure white 
clays. Numbers 0, 2, and 3 are natural sands. The sands were 


TasLce I. MINERALS OF SANDS AND SANDY CLays. 
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A. These sands were not sieved. 


No. o. Red, brown, and white sand, Horrell Hill, Richland Co. 

No. 1. Sandy clay, Paragon mine, Aiken Co. 

No. 2. Gray sand, Horrell Hill, Richland Co. 

No. 3. White sand, Garners Ferry Road, Richland Co. 

No. 4. Sandy clay, near Middendorf, Chesterfield Co. 

No. 5. Sandy clay, Cook’s Mtn., Richland Co. 

No. 6. Impure white clay, Cash’s Depot, Chesterfield Co. 

No. 7. Impure white clay, near Pelion, Lexington Co. 

No. 8. Pure white clay, Parker mine, south of Langley, Aiken Co. 

R, rare; S, scarce; C, common; M, moderate; A, abundant; VA, very abundant; 
F, ‘ flood.” 
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CRETACEOUS WHITE CLAYS OF SOUTH CAROLINA. 379 
sieved and the amounts resting on the 100, 140, 200 and 270 
mesh sieves were combined and well mixed. From this mixture 
a 10 gram sample was taken and a heavy mineral separation was 
made using bromoform of 2.8 sp. gr. 

Both the light and heavy separates were studied under the 
petrographic microscope as loose detrital grains and as permanent 
mounts in Canada balsam. 

An examination of the coarser sieve sizes, the fine substance 
passing through the 270 mesh sieve, and the natural unwashed 
material, was also made. 

It is to be noted that in some cases light minerals attached to 
heavy minerals settled in the bromoform. 

Correlation. Formerly the Cretaceous white clays and sands 
of South Carolina were correlated with the Potomac of the stand- 
ard north Atlantic Lower Cretaceous section, but recently Cooke ? 
has suggested that the beds are all Upper Cretaceous and that the 
name Middendorf formation be applied to them. The Midden- 
dorf is correlated with the Tuscaloosa of Alabama and the “ Cape 
Fear ’’ of North Carolina. 

The writer attempted to correlate, by aneroid barometer, some 
of the unconformities observed in the Cretaceous beds around 
Columbia, S. C., but it was found that from place to place no satis- 
factory check readings could be obtained. It was concluded that 
the breaks varied greatly within short distances or that the dis- 
cordance measured at different places represented a number of 
local unconformities, except in the case of one which separates 
the Cretaceous clays and sands from a later formation of uncer- 
tain age. This later formation shows a basal conglomerate at 
many places, and in addition often overlaps the Cretaceous and 
rests directly on the crystalline rocks. According to Prof. S. 
Taber its age has been thought to be Eocene by some, and Pleisto- 
cene by others. 

In view of the fact that there are local unconformities, it was 
found difficult, if not impossible, to select the one that might 
separate the Cretaceous into an Upper and Lower division. 


2 Cooke, W., “Correlation of the Basal Cretaceous Beds of the Southeastern 
States,” U. S. Geol. Sur. Prof. Paper 140-F, p. 139, 1926. 














380 FRED R. NEUMANN. 


In addition, it is of interest to note that the deep wells in and 
near Wilmington, N. C.,* which reach “ basement rock ” at 1,109 
and 1,540 feet, penetrate no Lower Cretaceous strata. The deep 
well at Charleston, S. C.,* goes to a depth of 2,007 feet but does 
not reach ‘‘ basement rock,’’ indeed, it does not even reach Lower 
Cretaceous deposits. These wells are, however, not deep enough 
to reach the Lower Cretaceous, and so prove or disprove its ab- 
sence under the South Atlantic Coastal Plain. 


ORIGIN OF WHITE CLAYS. 


The theory of origin of the white clays most generally accepted 
is that of Veatch,® but other investigators ° have contributed to 
the problem. 

According to Veatch, the white clays are clearly sedimentary 
in origin and were derived from the crystalline rocks of the 
Piedmont Plateau, which on the whole, are feldspathic in char- 
acter, and in weathering yielded a highly argillaceous residuum. 
The red soil of the Piedmont he considers only a surface feature, 
being underlain by gray or white decomposed and disintegrated 
rocks, the feldspars and other aluminous minerals of which have 
altered to kaolinite or allied minerals. 

From Cambrian to Cretaceous time the rocks below the Pied- 
mont land surface were undergoing weathering, so that a thick 
residual soil developed, but this was washed away by the stream 
erosion following the uplift and tilting of the Piedmont area at 
the start of the Cretaceous. 

These products of erosion, Veatch believes, were deposited 

3 Clarke, W. B., et al., “ The Coastal Plain of North Carolina,” N. C. Geol. and 
Ec. Sur., III., 163-166, 169-171, 1912. 

4 Stephenson, L. W., “‘ A Deep Well at Charleston, S. C.,” U. S. Geol. Sur. Prof. 
Paper 90, 69-94, 1914. 

5 Veatch, O., “ Kaolins of the Dry Branch Region, Ga.,”” Econ. GEOL., 3, 109- 
117, 1908; “ Second Report on the Clay Deposits of Georgia,” Ga. Geol. Sur. Bull. 
18, 97-103, 1909. 

6 Ladd, G. E., “‘ A Part of the Clays of Georgia,’ Ga. Geol. Sur. Bull. 6A, 12-18, 
81-87, 1898. Sloan, E., ‘‘ A Preliminary Report on the Clays of South Carolina,” 
S. C. Geol. Sur., Ser. 4, Bull. 1, 19-20, 69-70, 1904. Berry, E. W., “ The Upper 
Cretaceous and Eocene Floras of South Carolina and Georgia,” U. S. Geol. Sur. 
Prof. Paper 84, 12-14, 63-68, 1914. 
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along the sea as alluvial fans or at the mouths of streams as deltas, 
those of neighboring streams mingling and overlapping. Sand 
flats were formed on which were fresh water delta lakes. Areas 
of sea-water may have been enclosed by sand barriers, but these 
were freshened by the inflow from land streams. It is supposed 
that in the deeper, quiet waters of off-shore lakes and sounds the 
fine clay particles were deposited as lenticular beds of pure white 
clay, while in the shallower water the shifting currents deposited 
the cross-bedded sands and occasional gravel beds. 

Veatch considers that evidence of the absence of marine or 
brackish water conditions is indicated by the lack of lime nodules, 
calcareous layers, sulphides or sulphates, or manganese nodules 
in the sand or clay. No trace of gypsum that might indicate 
brackish water or lagoonal conditions is found. 

The red color of the Piedmont soil might lead one to suspect 
that the clays derived from it would be high in iron oxide and 
therefore of red or brown color. That this did not take place 
is explained by Veatch on the assumption that if the iron minerals 
were present they would be less likely to float as far as the clay, 
or if the iron formed films around grains it would remain as a 
coating on the sand rather than the clay grains, and hence be 
deposited with the former and not the latter. It should be 
pointed out however that some of the sands interbedded with 
the clays are as white and clean as the latter. 

The writer agrees with Veatch that the Piedmont area fur- 
nished the Cretaceous sediments, but he does not believe that the 
residual soil is mostly gray or white with only a relatively thin 
red cover. Road cuts and excavations for building in the Pied- 
mont region show that this highly colored soil extends to depths 
of over 25 feet. It is true that at some quarries the granite- 
gneiss grades upward into a gray residual mass, but even here 
the iron-bearing minerals alter to yellow-brown, hydrous iron 
oxides and stain part of the material. On the whole the red color 
of the Piedmont stains a fairly thick part of the regolith, the 
lowermost part of which grades into solid rock and has a gray 
color. 
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Clays from the present day Piedmont, as illustrated by slope 
wash, are red and would probably remain so during transporta- 
tion, but the red sands of the Piedmont lose their coating of iron 
oxide upon being rolled along the ground for a short distance, 
and this finely-divided colored material is carried off and deposited 
with the clay. 

Veatch states that white clays were deposited in fresh water 
delta lakes, because he claims there is no evidence of marine or 
brackish water conditions. If they were deposited under these 
conditions, they would be expected to show some signs of banding, 
since this is a characteristic of fresh water lake sediments, but no 
such banding has been found. 

No attempt is made by Veatch to explain the massiveness of the 
white clays. 

To the writer, the two major problems appear to be: first, an 
explanation of the whiteness of the clays, and second, the condi- 
tions of sedimentation of the clays and associated sands. 

IVhiteness of Clays.—It seems certain that the Piedmont region 
furnished the Middendorf sediments. Since this area was the 
source, then the nature of its rocks bears on the problem. 

These are predominantly feldspathic in character, although 
some other types are found, such as the Triassic diabase dikes that 
are scattered all over the Piedmont region. Watson‘ has studied 
some of the granites and gneisses and found that they consist of 
feldspar, quartz, and biotite as the essential constituents. _Mus- 
covite and hornblende are present in some, but never in large 
amount. The feldspars consist of about equal parts of potassic 
and soda-lime varieties. 

In 19 analyses * of South Carolina granites and gneisses, an 
average of 1.57 per cent. Fe.O; and 1.85 per cent. FeO was found 
Six analyses *® of slates and schists had an average of 2.15 per 
cent. Fe.O;. Both the granites and schists give an average of 

7 Watson, T. L., “Granites of the Southeastern Atlantic States,” U. S. Geol. 
Sur. Bull. 426, 173-174, 1910. 

S Watson, T. L., “ Granites of the Southeastern Atlantic States,” U. S. Geol. 
Sur. Bull. 426, 174-175, 1910. 


9 Sloan, E., “A Catalogue of the Mineral Localities of South Carolina,” S. C. 


Geol. Sur., Ser. 4, Bull. 2, 250-264, 1908. 
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1.86 per cent. Fe.O;. Undoubtedly the average iron content 
would be higher if analyses of more basic rock types were in- 
cluded. 

In this connection it is of interest to note that in 7 analyses *” 
of South Carolina white clays the average Fe.O, content is only 
1.76 per cent., and an average of 34 Cretaceous white clays of 
Georgia ** gave 1.04 per cent. Fe.O;,. 

A comparison of 1.86 per cent FeO, and 1.85 per cent. FeO 
of the Piedmont rocks with a total iron content of 1.04 to 1.7 
per cent. Fe.O, for the white clays, indicates either that some of 
the iron had been leached from the crystalline Piedmont rocks 
before their erosion and deposition as white clays and sands, or 
else it must have been removed in some other manner. 

The leaching of iron from minerals and rocks has been at- 
tributed to many different agents,’* but the most important are 
probably natural organic acids and carbonic acid.** 


14 


Robinson and McCaughey ** made some experiments on the 


leaching of iron from ferruginous soils and iron-bearing minerals 
with organic acids. Powdered iron-bearing minerals were shaken 
up with humus leachings and after 2 months the solutions in each 
case were found to contain iron. 

One of the conclusions in their summary is: 


Ferric oxide is the soil component least soluble in pure water and most 
salt solutions. It is easily reduced to the ferrous condition by the sol- 
uble organic soil components and is then soluble to a marked degree in 
the presence of carbon dioxide. Its transportation in the soil is ex- 
plained by these facts. 


10 Ries, H., Bayley, W. S., and others, ‘‘ High Grade Clays of the Eastern U. S.,” 
U. S. Geol. Sur. Bull. 708, 168, 1922. 

11 Veatch, O., ‘‘ Second Report on the Clay Deposits of Georgia,’ Ga. Geol. Sur. 
Bull. 18, 128-226, 1909. 

12 Clarke, F. W., “ Data of Geochemistry,” U. S. Geol. Sur. Bull. 770, 479-493, 
1924. 

13 Weiss, F., ‘“ Vorkommen und Enstehung der Kaolinerden des ostthtiringischen 
Bundsandsteinbeckens,” Zeit. prakt. Geol., 18, 353-367, 1910. Stremme, H., “ On 
the Formation of Kaolin,” Zeit. prakt. Geol. 16, 122-128, 1908. 

14 Robinson, W. O. and McCaughey, W. J., “ The Color of Soils,” U. S. Dep't. 
Agr. Bur. Soils. Bull. 79, 14, 29, 1911. 
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Gruner *’ carried out some experiments with solutions of 
natural organic acids extracted from peat and noted their effects 
on some minerals and rocks. Similar experiments using carbonic 
acid instead of organic acids were also made. Some of his con- 
clusions are: 


1. Solutions from decaying plants dissolve all oxides and carbonates 
of iron, and most of the silicates, but do not seem to attack pyrite ap- 
preciably. 

2. The strength of such solution is similar to that of carbonic acid. 
It is possible that carbonic acid is the chief acid of the so-called “ natural 
organic acids,” but the organic colloids in such solutions give special 
properties to them. 

3. One of the differences between natural organic solutions and 
carbonic acid is that the organic solutions reduce ferric iron compounds 
to soluble ferrous salts, while carbonic acid does not. 


Thus it may be concluded that natural organic acids and car- 
bonic acid are quite effective in leaching iron from iron-bearing 
minerals and rocks. 
in a study of the decomposition of igneous rocks 
in British Guiana noticed that the residual soils resulting from 
rocks consisting mainly of alkali-feldspars such as orthoclase, 
anorthoclase, microcline, and albite, were made up largely of 
kaolinite or sericitic micas with kaolinite. 

The Piedmont rocks are mostly alkalic-feldspathic in character 
and under favorable conditions would, the writer believes, weather 
to a white residual soil. The question then arises, were the 
Piedmont conditions during pre-Cretaceous times favorable for 
the formation of white residual clays? 

From paleobotanical and sedimentation studies, Berry ** has 


16 


Harrison 


concluded that the Cretaceous climate was mild and rainy, with 
slight seasonal changes and no frosts. 
In pre-Middendorf times the Piedmont was probably in physio- 


graphic old age; the long period of weathering and erosion before 


15 Gruner, J. W., “ The Origin of Sedimentary Iron Formations: The Biwabik 
Formation of the Mesabi Range,” Econ. GEoL., 17, 407-460, 1922. 

16 Harrison, J. B., “ Laterites in British Guiana,” Geol. Mag., 7, 440, 1910. 

17 Berry, E. W., “The Upper Cretaceous and Eocene Floras of South Carolina 
and Georgia,” U. S. Geol. Sur. Prof. Paper 84, 12-14, 63-68, 1914. 





has 
rith 


3i0- 
ore 
abik 


olina 











CRETACEOUS WHITE CLAYS OF SOUTH CAROLINA. 385 


the Cretaceous having undoubtedly brought the region to a con- 
dition of essential flatness. 

With plentiful rainfall, plant growth was abundant, and the 
run-off was probably slow, giving a region that might be con- 
sidered to be continually wet. Under these conditions a heavy 
vegetable covering would accumulate and the growth and decay 
of the plants would furnish sufficient organic and carbonic acids 
to leach much of the iron from the Piedmont rocks, and give a 
white, highly argillaceous residual soil. Since the surface was 
presumably one of low relief, erosion must have been slow, and 
this would supply the necessary time for leaching action. Sub- 
sequent uplift permitted the residuum to be progressively eroded 
and finally deposited in the sea as sands and clays. 

Conditions of Sedimentation.—Uplift and tilting to the south- 
east just before the Middendorf necessarily increased the gradients 
of the streams and accelerated erosion. The white residual soil 
was eroded and the sand and clay deposited at the mouths of the 
rivers as deltas. The white clayey material was coagulated by 
the salts of the sea water and settled in the quieter, deeper waters 
and in the undisturbed areas between the deltas where some of 
the lenses would be formed. Continuous, relatively rapid deposi- 
tion of the clays gave the massive lenticular beds. Shifting cur- 
rents produced the local unconformities and the abundance of 
cross-bedding in the associated sands. 

There are some reasons for believing that the clays were salt 
water deposits, viz: (1) The preservation of plant remains is 
characteristically good in fresh water clays, but in the white clays 
of South Carolina plant fossils are seldom found. (2) If the 
iron was being constantly leached and erosion was continuous, 
then the deposits, if they were laid down in fresh water lakes, 
should contain considerable iron and organic matter as well as 
evidence of bedding. This, however, is not the case and, more- 
over, erosion was slow before the uplift of Middendorf times, 
although accelerated later by the uplift. The writer, therefore, 
believes that the clays were deposited in salt water. 

Since the region from which the clays came, was probably 


covered by vegetation, it would seem natural that some of the 
25 
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plant debris would settle down with at least the first portion of 
the white clay sediment, giving a carbonaceous clay. Some or- 
ganic matter occurs as fossil leaves, black lignitic clay, and gray 
and pink colored clays. In some parts of the Aiken district a 
lignitic clay forms the bottom of a bed and this material grades 
upward into gray, through buff to a white clay above. Such a 
sequence suggests that some of the organic material was eroded 
and deposited first, leaving the later deposits practically free from 
it and of a white color. 

Another reason why the clays are not black may be because 
much of the organic matter on the land was completely decom- 
posed to soluble organic compounds and thus transported in solu- 
tion to the sea. In addition, much of the plant material that with- 
stood decomposition was very likely macerated by the coarse sands 
carried in the streams, and thus became finely enough divided to 
be floated out to sea. 

Later uplifting of the land at the end of the Cretaceous, ac- 
companied perhaps by a change in climate and a consequent ab- 
sence of abundant plant growth, decreased and changed the 
character of the leaching processes formerly operative. The re- 
sidual material was eroded before it was thoroughly leached, thus 
giving rise to the more ferruginous beds overlying the white clays 
and sands. 


SUMMARY. 


In summary, therefore, the writers theory is that the highly 
alkalic-feldspathic Piedmont area had a dense vegetable covering, 
and the growth and decay of the plants furnished organic and 
carbonic acids which leached the iron from the rocks, thus pro- 
ducing a white, argillaceous residual soil. Upon subsequent up- 
lift and erosion the white residuum was carried to the sea and 
deposited at the mouths of the streams where the clayey matter 
was coagulated by the salts of the sea water and deposited in the 
quieter, deeper waters and in the undisturbed areas between deltas. 
Continuous, relatively rapid deposition of the clays gave the mas- 
sive lenticular beds. Shifting currents produced the local uncon- 
formities and abundance of cross-bedding in the sands. Later 
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uplift and consequent changes in climate and abundance of vegeta- 


tion prohibited complete leaching. The residual material was 
eroded and deposited as ferruginous beds overlying the Cre- 
taceous white sands and clays. 

The writer desires to acknowledge his indebtedness to Dr. 
Stephen Taber of the University of South Carolina, who sug- 
gested the problem, and to Drs. H. Ries and C. M. Nevin of 
Cornell University, whose suggestions and criticisms of this paper 
were very helpful. 

CoRNELL UNIVERSITY, 
IrHaca, N. Y. 











UNDERGROUND PHOTOGRAPHY WITHOUT 
FLASH-LIGHT. 


L. C. GRATON. 


THE old adage that one picture outweighs a volume of descrip- 
tion should be as true for one setting as for another. Our 
geological reports abound with photographs; but surface photo- 
graphs and microphotographs predominate. Structures and re- 
lationships from underground are too frequently revealed only in 
specimens brought to the surface and there photographed; yet 
as every one knows who has tried, it is difficult to secure a speci- 
men of sufficient size to depict satisfactorily the larger features, 
the “ field relationships ”—after one has laboriously loosened and 
detached a slab as large as he can carry, he commonly finds that 
what it shows, when separated from its setting, is inconclusive 
and disappointing, and ordinary hand specimens usually show 
next to nothing structurally. Underground photographs should 
be used as a matter of course; these can cover a sufficient area to 
“sample” a structure or other relationship fairly; and there is 
no handicap of soil, vegetation, or surface discoloration. Never- 
the less, underground photographs are relatively uncommon. As 
a result we have to depend largely on sketches, and these, as we 
know, have a striking way of supporting the author’s hobby in- 
stead of revealing the whole truth and nothing but the truth. 


DISADVANTAGES OF FLASH-LIGHT. 


It seems probable that the general scarcity of underground 
photographs arises mainly from the common experience that it is 
an infernal nuisance to take them. And this is chiefly because 
of the fuss and bother attending flash-light illumination. Ad- 
mittedly, the apparatus and materials for flash-light photography 
are unsatisfactory. Flash sheets are likely to be broken or to 
become moist. Flash powders often clog in the lamp or refuse 
388 
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‘ 


to “ go off’; the mixture is semi-explosive and dangerous to ship 
about in one’s trunk. The flash-light lamps are likely to cause a 
burned hand one time and to fizzle the next. The “‘ smoke” from 
the flash is a poor breathing mixture; and if a second exposure is 
desired at the same or near-by place, one must wait until all the 
smoke settles. Because examination of the subject on the ground 
glass is not possible by means of the light to be used for the 
exposure, the amount of flash powder used must be guessed at. 
This, of course, paints the whole thing rather gloomily, but prob- 
ably fairly portrays the average attitude of mind toward the 
matter. 

In any case, it is a common experience that the ratio of really 
good flash-light photographs is low. This is believed due in part 
to conditions which readily attend flash-light work. Though 
some of these difficulties are not inevitable consequences, others 
are inherent in flash illumination. It is impossible, for example, 
to focus by means of the same light as that which will produce 
the photographic impression. In general, the illumination used 
for focussing is such as to prevent any satisfactory study on the 
ground glass of the subject to be photographed in order to decide 
on stop, best angle of lighting, possible advantage of color filter, 
etc. The usual procedure is to set the diaphragm wide open, 
focus on a candle flame held at the face to be pictured, then shoot 
the flash-light (sometimes from two different points on opposite 
sides of the camera in order to reduce one-sided shadows) and 
trust to luck. Poor technique. Often poor results. Not sur- 
prising. 

There are those who do take flash-light pictures as a matter of 
course and who get good results; but these are either very wise or 
very lucky, and their number is small. Underground photogra- 
phy should be as feasible and as common as geologic photography 
on the surface. Obviously the chief drawback is that of illu- 
mination. 


ELIMINATION OF FLASH-LIGHT. 


The great light-gathering power of the modern speed lenses 
suggested the thought that underground photography might be 
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practised by means of more convenient illumination than that 
afforded by flash-light. To test this idea, I assumed that a very 
fast lens would be necessary. The fastest one readily available 
to me was a 6-inch Zeiss “ Tessar,” f. 2.7 for 34” x 414” field. 
With this in a focussing-back camera, Mr. H. T. James and I 
made a series of trials, using for illumination open-flame carbide 
miners’ lamps; two of these were of the smallest size, or so-called 
cap lamps, the other was a small hand lamp. Film pack of nor- 
mal speed, about H & D 180, was used. 

The walls were smoke-covered and nearly black, as dark as if 
consisting of coal, magnetite or chalcocite. These surroundings 
were deliberately chosen in order to make the conditions of illu- 
mination more than usually exacting. Ore structures produced 
by lighter-colored minerals were the particular subject of our 
efforts, since it is of such that the average photograph is desired. 
If the structure of the dark walls themselves had been sought, the 
exposures used would have needed multiplication by several fold. 
The subject had a “ relief” of about 27 inches, that is to say, the 
near parts of the subject were by that much nearer the camera 
than were the remote parts. The camera was placed about 10 
feet distant from the subject. This amount of relief at so close 
a range required a substantial depth of focus in the picture if all 
details were to be brought out sharply. 

Trials were begun with the lens wide open, f. 2.7; I had been 
prepared to carry exposures up to I5 minutes or more, but the 
first glance at the brilliancy of illumination on the ground glass 
indicated that no such extended duration would be needed. Ac- 
cordingly, a series of exposures was made at f. 2.7, ranging from 
one half minute to five minutes; all gave reasonably satisfactory 
results so far as regards exposure—the I-minute exposure was 
best. Other series were made at f. 4.0 and at f. 4.5, with a range 
of exposures from I to 3 minutes. With the f. 4.5 stop, the 3- 
minute exposure was best, but the 1-minute almost as good. 

The results were decidedly encouraging. Twelve exposures 
were made, and all were fully as good as the average flash-light 
photograph. It is evident that even with three small lamps no 
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particularly fast lens is required. Indeed, the photographs at 
stop f. 4.5 were invariably better than those at larger stop. 

It would appear, therefore, that underground photography is 
entirely possible without dependence on flash-light. It may well 
be that this has already been discovered by others, but since there 
may be many who are no more aware of it than I was until re- 
cently, some further details of procedure may be found useful. 
In recording these, I shall not refer further to the specific tests 
recently made, but shall attempt to give some general suggestions, 
arranged under the principal headings of interest. Several of 
these suggestions arise from experience in the photographing of 
hand-specimens and other rough objects at close range, but are 
believed to apply pertinently to underground work. |*xperienced 
photographers will, I trust, bear with the inclusion of certain 
fundamental principles of photographic optics and other sugges- 
tions that, though familiar to them, may prove helpful to others. 


SUGGESTED PROCEDURE, 


Lens.—<Any respectable lens which will yield good out-of-doors 
pictures should give satisfactory results underground. Lenses 
faster than f. 4.5 have so little depth of focus when wide open 
and used at short range that they can give satisfactory results 
only on subjects of low relief essentially at right angles to the 
axis of the camera—obviously, underground subjects rarely are 
cf that kind. Lenses of speed f. 6.3 or f. 7.7 when used wide 
open undoubtedly will yield good pictures with exposures of not 
unreasonable duration. Slower lenses, or smaller stops on the 
faster lenses are likely to require exposures of tiresome and per- 
haps prohibitive length; for in numerous instances mining opera- 
tions have to be suspended during the exposure. 

It should be remembered that good photographs owe more to 
the photographer than to the lens; many a man secures uniformly 
fine pictures with the most inexpensive lens. Therefore, no one 
should be deterred from trying underground photographs because 
his equipment is of modest character.’ 


1 See later reference to telephoto lenses. 
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Camera.—Size of camera will be settled by preference: from 
vest-pocket to 8’ x 10”. Probably the majority use an interme- 
diate size. My own experience is that too large a size is both 
inconvenient and expensive; and that a size so small as to require 
enlargement for lantern slides, for any reproduction, or for really 
satisfactory visual inspection, is a nuisance and in the long run 
as expensive as a somewhat larger size to start with. To me, a 
size of 344” x 41%”, or thereabouts, seems the most satisfactory 
compromise: the camera is relatively inexpensive; the plates or 
films, and the prints are likewise of moderate cost; films are so 
small that they lie flat in the camera whereas larger sizes may 
twist or buckle out of plane; the convenient film pack in such size 
is entirely satisfactory; lantern slides may be made directly by 
contact printing; the pictures are large enough for nearly all 
purposes; and if enlargements should be needed, excellent results 
can be had. 

Ability to focus the image is practically indispensable for un- 
derground work—much more so, as a rule, than for ordinary 
surface work, for reasons given under the heading “ Focus and 
Stop.” Therefore, a camera of focussing-back type is highly de- 
sirable. Graflex-type focussing is feasible but less convenient. 
The ordinary roll-film camera does not permit actual focussing, 
and would therefore seem to be ruled out. But if the distance- 
scale is accurate (and if not, is corrected), and if the distances are 
carefully measured in each instance, such cameras will serve for 
subjects of low relief when photographed at right angles to the 
axis of camera. For subjects requiring greater depth of focus, 
the patient man might conceivably establish by a series of carefully 
recorded trials the appropriate size of stop required to produce 
any given depth of focus in feet or inches at given distances, and 
thus prepare a table or chart for future use; but this would 
necessitate actual measurement of depth of subject and camera- 
distance for each picture. 

One other advantage of having an image on the ground glass 
is the visual measure of illumination thus afforded, from which 
the length of exposure may more accurately be judged. All in 
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all, the focussing-back camera will doubtless be found by far the 
more convenient. 
Illumination.—Ordinary miner’s carbide lamps may be used 
successfully. Since these lamps are now common all over the 
world, the load of the roving geologist may safely be cut down. 
Several of these lamps, probably not less than three and preferably 
five or six, should be employed at once, not only to reduce time of 
exposure but also to give more uniform illumination and to avoid 
deep, one-sided shadows. A larger number of lamps will be 
required if the area of subject to be illuminated is especially large. 
The photographer should probably go underground armed with 
his own lamp and two extra ones in his pocket; the miners work- 
ing near-by will gladly knock off to lend their lamps and may be 
persuaded to help in holding them. The lamps should be ar- 
ranged on various sides of the camera, so that the shadows cast 
by one lamp will be lighted by the others. For short camera dis- 
tances, say 5-10 feet, the lamps may preferably be held at the 
same distance; for longer distances, it may be advisable to hold 
the lamps nearer than the camera (but outside the field of view) 
in order to increase intensity of illumination. But illumination at 
too oblique an angle is not only wasteful of light but will result 
in such complete elimination of shadows as to yield a flat picture 
in which desired features may be faint or wanting. In any case, 
the proper distance of the lamp from the subject may be gov- 
erned by the shape of the lamp reflector—if this is such as to 
throw an intense narrow beam at a given distance, the lamp must 
be held nearer or farther so that the most even lighting is ob- 
tained; patchy illumination of the subject will produce strange 
and unsatisfactory effects in the picture. It need hardly be said 
that the condition of the burner and the charge of carbide and 
water should be such as to insure steady illumination throughout 
the period of the exposure. If possible, the lamps should have 
nickeled reflectors to help “ whiten ” the light, but brass reflectors 
will serve, if the exposure is somewhat lengthened, see under 
“ Color-Filters ”). 
Undoubtedly, electric illumination if available at the desired 
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place can be used even more satisfactorily than acetylene lamps. 
3ut more than one bulb will be required, and each should have 
behind it some bright reflector, like a sheet of white paper, to 
increase its effectiveness. It seems not improbable that the in- 
genious geologist or engineer, stationed at a mine where current is 
generally distributed underground and where the idea of many 
photographs seems appealing, will devise a ring holding several 
bulbs and provided with a reflector back, to be clamped to the 
tripod so that the camera points through its center, and capable 
of being plugged into the nearest electric outlet. Such a con- 
traption would hardly do for the itinerant geologist, not only 
because of bulkiness but also because many mines might not be 
wired appropriately. 

Support.—The length of exposure will always be such that a 
stable support for the camera is necessary. A pile of rocks, a 





powder box, or a board or slab of rock across the top of a mine 
car may be made to serve. For small cameras, a spring clamp 
carrying regular tripod screw made by Eastman and called “ Ko- 
dapod,” affords an almost universal support, whereby the corner 
of a timber, the edge of a mine car or even a sharp projection of 
rock may be used as a base; its spring is not strong enough, how- 
ever, for the heavier cameras. Of course unless much stope 
climbing is necessary, a tripod is best of all. Esnecially desirable 
is a device on the tripod for holding the camera at any angle from 
straight up to straight down. A tilting head of simple or elab- 
orate design may be had, but for light cameras the most useful is 
the Eastman “ Optipod,” not larger than one’s thumb. 

The carbide lamps may be held by hand unless the exposure is 
to be so long as to make this tiresome or inconvenient. One or 
two of the lamps might be hooked on the legs of the camera 
tripod. 

Plates or Films.—The style of camera and the preference of the 
photographer will decide this question. Fast plates and fast cut 
films can be had, rated as speed H & D 400 or better, which will 
cut down the time of exposure from that required for the more 
usual negative speeds of 100-200 H & D. Pilates afford a wider 
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selection than films as to speed, ortho-chromatic and other quali- 
ties, and will doubtless be preferred by some. But the lightness, 
freedom from breakage, and daylight-loadability of films com- 
mend them highly to the roving geologist. For focussing-back 
cameras of moderate size, the film-pack is highly convenient and 
satisfactory. 

Color-Filters —Color-filters—either the ordinary yellow sky- 
filters, or those of other colors—may be desirable for certain 
subjects, as for example where gossan and malachite or azurite 
are to be distinguished. However, anything more specialized 
than a “2 times” or “3 times” yellow filter (requiring a dou- 
bling or tripling, respectively, of the normal exposure) is likely 
to demand refinements and experimentation which the average 
geologist would probably well avoid. 

Focus and Stop.—These two topics are considered together, 
since they are especially interrelated in the close-range work in- 
volved underground. 

Focussing may best be accomplished by hanging printed cards 
at the farthest and at the nearest points of the subject and focus- 
sing sharply on these. Since the eye is accustomed to sharp 
definition of print, greater precision can thus be obtained than by 
attempting to focus sharply on the ragged and somewhat un- 
certain natural features of the subject. If the cards bear type of 
various sizes like the title page of Economic GroLocy for exam- 
ple, it is possible to sharpen focus still further. To do this, the 
ground glass is viewed through the ordinary geologist’s pocket 
lens held at its focal distance ? away; when the image thrown on 
the ground glass is in approximate focus, the printing in largest 
type can be read, and as the perfection of focus is increased, 
smaller and smaller sizes become legible until the optimum is 
reached for the particular stop employed. 

Of course, unless relatively small stops are used (with conse- 
quent increase in exposure required )—or lenses of very short 
focal length—the near and far parts of a subject having con- 
siderable relief will not be in equally good focus at a given setting. 


2 This can readily be determined as the distance at which the ground glass surface 
appears roughest. 
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The printed cards, one at the nearest, the other at the farthest, 
point of the object, enable the operator to determine the degree of 
definition within the distance between them, and to increase this 
definition to the desired degree by gradually decreasing the size 
of stop.* Here again the lettering of different sizes is helpful; 
if the features of the subject to be photographed are large scaled, 
they are likely to be well enough defined when the larger sizes of 
type of both cards are readily legible on the ground glass; but if 
the features to be shown are fine-grained and intricate, then the 
focus on both cards should be sharp on type as small as the desired 
features of the subject. Of course, a similar result could be 
reached by focussing directly on the subject itself, but as already 
stated, the eye will do a more critical and reliable job if focussing 
on print than on anything else. 

If, in order to secure sufficient depth of focus, it proves neces- 
sary to diaphragm down to so small an aperture that the illumina- 
tion is no longer adequate for precise determination of focus, this 
may be overcome by having some one temporarily hold a lamp 
close to each of the cards so that they are brilliantly lighted and 
can be focussed on sharply; then when the proper stop and focus 
have been determined, the lamps may be returned to their normal 
positions. 

Depth of focus will of course be least important when photo- 
graphing a fairly plane surface at right angles to the axis of the 
camera, like the evenly-blasted breast of a drift seen head-on; 
and, on the contrary, will be most important when the surface ‘s 
highly irregular or is at an oblique angle to the axis of the lens, 
as for instance the side wall of a drift too narrow to permit a 
face-on set-up. Since, with any given stop, depth of focus in- 
creases with distance between camera and subject, it follows that 
adequate depth may be secured with a fairly large stop at 30 or 
50 feet, whereas, on the same subject a smaller stop must be used 
to give equal depth if the camera is distant only 8 or 10 feet. 
The distance will be determined, of course, both by the accessi- 
bility of the subject and by the ratio of size of field to magnifica- 


3 Since, as is well known, depth of focus varies inversely with diameter of stop. 
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tion desired on the negative. There would seem to be no reason 
why telephoto lenses could not be used where a distant subject, as 
the back of a high stope, is desired without too great reduction of 
scale, but so far as known, these have not as yet been employed 
underground. The equivalent of magnification can also be se- 
cured with the front or back element of lenses of the “ converti- 
ble” type. In all these cases, precision of focussing is demanded 
in direct proportion to the degree of magnification involved, and 
stopping down is requisite for good depth of focus. 

It is because of the short range at which most underground 
photographs must be made that depth of focus becomes so im- 
portant. It will not do to focus on a single spot and trust to luck 
that a good picture will result, though this is what has usually 
been done in flash-light work, and with diaphragm wide open at 
that. A little care used in the ways herein indicated should be 
repaid by good definition over all parts of the negative. 

Exposure—The exposure will obviously vary with the illu- 
mination supplied, with the brightness or darkness of the subject 
and its surroundings, and with the lens-stop employed. The last 
is most easily subject to control; but as already pointed out, there 
is for any subject a maximum stop giving good depth of focus, 
and the use of a larger stop in order to reduce time of exposure 
can bring only impared focus. Stops larger than f. 4.5 will 
rarely if ever be used; likewise stops smaller than f. 8 will proba- 
bly be used only where oblique subjects at close range impose 
especially heavy exactions with respect to depth of focus. 

Our experience would indicate that a subject in dark surround- 
ings, lighted by 3 carbide lamps at a distance of 10 feet, with stop 
f. 4.5, should have from 1 to 3 minutes. More lamps or brighter 
wall-rock would cut down the time. If the lamps had to be at 
greater distance, the time would increase. With regard to stops, 
it is to be remembered that the f. rating is inversely proportional 
to the diameter of the stop, whereas the exposure is inversely 
proportional to the square of the diameter; hence with the same 
subject and illumination, stop f. 8 requires 4 times the exposure 
of stop f. 4. The following table gives the approximate exposure 
factor for the stops most likely to be used. 
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This would mean, for example, that if a proper exposure at stop 
f. 4.5 were 3 minutes, the exposure at stop f. 11 would have to 
be 6 X 3 = 18 minutes. 

Those unskilled from empirical experience or in judging from 
the brilliancy of image on the ground glass may have to do some 
experimenting in order to hit upon the correct range of exposures. 
This effort will be lost if definite records are not made, compared 
with the results achieved, and preserved for future guidance. 
However, the modern plate or film has such a “ latitude” of ex- 
posure that an exposure anywhere within gunshct of the correct 
one is likely to yield a satisfactory picture. 

Subjects of particular value or significance, especially if likely 
soon to be destroyed by mining operations, also subjects in mines 
which the geologist is not likely to have opportunity to visit again 
may advantageously be photographed two or three different times 
from the same set-up with different lengths of exposures, pro- 
vided the operator feels any doubt as to wht is the correct 
exposure. In such cases it is well to make one exposure for the 
period judged to be best, one for half that duration and one for 
double. When a series of exposures is made for such trial pur- 
poses, the relative length of exposure should increase in geometri- 
cal progression, i.e., I, 2, 4, 8, etc. The small added expense of 
these extra exposures constitutes a cheap means of improving the 
chance of success. Any subject worth trying for is worth get- 
ting; to get it then and there at the cost of two or three 6-cent 
films is far cheaper than having to return. 

The length of time required for carbide-lamp exposures as 
compared with flash-light may seem at first thought a bad feature 


4 The stops designated by the f. system, in which the numerical rating represents 
the ratio of the focal length of the lens divided by the diameter of the stop aperture, 


are not to be confused with the arbitrary ‘‘ U. S.” rating of stops. 
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of the former scheme. But in the first place, 3 minutes, or 5 or 
10, given to the exposure is only a fraction of the total time re- 
quired to choose the general subject, set up, focus, etc.; this 
slight additional investment of time is therefore not serious. In 
the second place the extra time of exposure as compared with 
flash-light is not all loss; it is to be credited with the time saved in 
loading flash-lamps, in making sure that a supply of flash powder 
is at hand, in waiting for flash smoke to settle and such other 
demands as this fussy procedure exacts. 


CONCLUSION. 


All told, with reasonable care, the chance for success under- 
ground should be decidedly greater than in ordinary outdoor 
photography where altitude, latitude, season, time of day, char- 
acter of sky, direction and distance of view and various other 
factors introduce variables of great magnitude. Underground, 
where the conditions of illumination are so largely under control, 
and where the range of conditions is relatively very narrow, a 
little skill and perseverance should yield a good picture almost 
every time. It is to be hoped that the relative simplicity of the 
method may lead to the making of many more good underground 
photographs than at present. 

HARVARD UNIVERSITY, 

CAMBRIDGE, Mass. 








EDITORIAL 





OUR JOURNAL. 


PERHAPS few of our readers as they glance over our pages ap- 
preciate fully the scope of this journal or its growing, world- 
wide clientele and increasing international contributions. 

Founded twenty-two years ago by a small group of interested 
geologists centering in Washington, it faced at first an uphill 
struggle that was overcome only by the scientific labors and fi- 
nancial assistance of its founders, and by the able and scholarly 
leadership of its first Editor and Business Manager. For several 
years now it has been financially independent, though neither its 
officers nor its contributors receive remuneration. Their labors 
have been for their science. The interest and support of its 
founders have never waned, and new friends have been added to 
it with each year. 

And it is independent in operation as well as in finances. It 
is not run entirely for the promotion of any one society or group, 
nor is it controlled by any university or organization. Its pages 
are open to all contributors whoever they may be, young or old, 
tyro or renowned, provided their material is worthy of publica- 
tion. And many a young contributor has it started on the path 
of science. It is truly an independent journal, although Yale and 
Illinois Universities have always graciously contributed secre- 
tarial assistance to its operation. It is owned by an incorporated 
company, the stockholders of which are all geologists, and few 
hold more than one share. They are shareholders because they 
are interested in its welfare. And each year, we are glad to say, 
still others desire (and their desires are willingly fulfilled) to be- 
come stockholders. They are unselfish stockholders; their divi- 
dends have not been in cash but in results achieved to the science 
of economic geology through publication—and they have shared 
their dividends alike with all our readers. Each in a small way 
400 
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feels like the greater philanthropists who have aided educational 
advancement. May they be justly rewarded! 

Today this journal leads all scientific geological journals in the 
number of paid subscriptions; and that is its sustenance. Its 
copies go to seventy-one different countries, and that means most 
of the world. It is of interest to glance over the list of sub- 
scribers. Next to the United States, Japan takes the lead in the 
number of subscribers; then come Canada, England, Russia, Ger- 
many, Mexico, China, Australia, India, and Dutch East Indies. 

Russia is coming back geologically, for only in the last two 
years has it ranked among the first ten countries in order of sub- 
scriptions. But the Far East is the real surprise, with Japan in 
the lead and China surging forward. There is an appreciation 
there of reliable articles dealing with economic geology. We 
hope that in the future there may also be more contributors from 
the Far East. Their manuscripts telling us more of their eco- 
nomic geology will be welcomed. 

As we leaf over the 842 pages of the last volume, it is illumi- 
nating to note the countries of the contributors and the sources 
of the contributions. A little figuring shows us that of the 123 
contributions that appeared, 40 were articles, 9 were editorials, 
28 were discussions and 46 were reviews. Of these contributions 
(excluding reviews) the United States contributed 48, Europe 10, 
Canada 7, Australia 5, Asia 5,and Africa 2. Thus there were 29 
contributors (38 per cent.) outside of the United States. The 
journal contributors, therefore, are becoming as world-wide in 
their distribution as are its subscribers. This is a healthy indica- 
tion, for one of the functions of the journal is to bring to its read- 
ers knowledge of economic geology from authors all over the 
world. Science knows no political boundaries, and articles re- 
lating to the geology of mineral substances in South Africa con- 
tribute as much to our science as do those from Australia, Canada, 
or Japan. 

Further examination of these records tells more of the source 
ofthe contributions. For example, some 35 per cent. of the con- 
tributions emanated from American universities; 28 per cent. 
26 
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came from independent geologists; another 26 per cent. came 
from various institutions scattered over the world, such, for ex- 
ample, as foreign universities, geological surveys, or investigative 
bureaus ; and 11 per cent. emanated from the United States Geo- 
logical Survey. It is interesting to see that so high a percentage 
of the articles were written by independent geologists. And this 
percentage is increasing each year. It means that more inde- 
pendent geologists are feeling the urge to contribute to their 
science ; they are becoming more willing to give as well as to take. 
This is as it should be, for obviously it is unfair that one should 
continue always to take the work of others and give nothing of 
his own in return. And the independent geologists have a great 
fund of geological observations not known to others that could 
enrich our science. Also, we think, the increase of contributions 
from independent geologists is in part an indication of greater 
liberality of employers with respect to the release for publication 
of scientific information within their files. We are pleased to 
record this change, for we have always felt that there is much 
locked-up information from which scientific data could be culled, 
release of which would do no harm to the companies involved. 
Release of information usually brings other releases, and the ex- 
change is beneficial to all. 

The contributions, no less than the contributors, are also of 
wide geographic distribution. Some 47 per cent. of them do not 
deal with the geology of any particular place but with economic 
geology in general; 27 per cent. relate specifically to occurrences 
in the United States, Canada, and Mexico; 6.2 per cent. deal with 
economic geological features of Asia; 5 per cent. each with 
Central and South America; 3.8 per cent. with Africa; and 2.5 
per cent. each with Europe and Australia. Of these contribu- 
tions 40 per cent. pertain to ore deposits ; 25 per cent. are general ; 
23 per cent. deal with petroleum and 12 per cent. with non- 
metallics. It is our hope that those interested in the geology of 
non-metallic substances may try to see that their subject is more 
fully represented. 

THE Epiror. 
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DISCUSSION AND 
INFORMAL COMMUNICATIONS 





INTIMATE INTERGROWTHS AND MUTUAL BOUND- 
ARIES AS PROOF OF CONTEMPORANEOUS 
DEPOSITION. 


Sir: One of the outstanding features in polished section inter- 
pretation in the last few years is the tendency to find “ proof” 
of contemporaneous deposition for two or more minerals. Inti- 
mate intergrowths and mutual boundaries are two features in 
polished sections which have been used as criteria to distinguish 
such a relationship. The purpose of this paper is to question 
their validity as criteria for contemporaneous deposition. 

It may be well at this point to give some descriptions of inti- 
mate intergrowths and mutual boundaries taken from the litera- 
ture. 

Bastin’ in speaking of ore from the Humboldt Mine, San 
Juan Mountains, Colorado, says: “ There were no evidences that 
the proustite had replaced older minerals; on the contrary, it is 
in places intergrown with galena and tennantite so intimately and 
irregularly as to indicate contemporaneity, as is shown in Figs. 
17 and 18.” 

And in ores from Aspen, Colorado: ? 


The tennantite is traversed in the fashion shown in Figs. 13 and 14 by 
replacement veinlets of galena, sphalerite, bornite, chalcopyrite, pearceite 
and calcite. In other parts of the specimen similar replacement veinlets 
follow the contacts of tennantite with blade-like crystals of barite. That 
this group of minerals is not greatly younger than the tennantite and 
barite is indicated by such relations as are shown at A, in Fig. 13, where 
these minerals are irregularly intergrown with tennantite, and by such 


1 Bastin, E. S., “ Silver Enrichment in San Juan Mountains, Colorado,” U. S. 


Geol. Survey Bull. 735, p. 82, 1922. 
2 Bastin, E. S., “ Silver Ores of Aspen, Colorado,” U. S. Geol. Survey Bull. 750, 
Pp. 46, 1923-1924. 
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relations as are shown in Fig. 15, where tennantite, argentite, and pearceite 
are in irregular contemporary intergrowth. 


Again in describing ore from the Townsite Mine, Cobalt, On- 
tario,* it is said that: 


Both safflorite (?) and niccolite invariably show their own character- 
istic crystal faces against the silver, so that obviously the silver could not 
have replaced these arsenides. In face of this relationship and the ex- 
tremely intimate manner in which silver, safflorite (?) and niccolite are 
intergrown, it is difficult to escape the conclusion that the three minerals 
are essentially contemporaneous. 


He also uses the presence of inclusions of native silver in saf- 
florite (?) as additional evidence for contemporaneity. 

Emmons and Laney * describe ore mineral relations at Duck- 
town, Tennessee, as follows: 


It is believed that nearly all of the pyrrhotite was deposited contempo- 
raneously with the chalcopyrite, sphalerite, and galena, with all of which 
it is intimately intergrown. 


W. M. Agar ® in discussing the relations of minerals from 
Butte presents the same viewpoint. 


Quartz, pyrite, and sphalerite, or any one, or any two, form the major 
part of nearly every microscopic mount. When two or more are present 
they are intercrystallized in a manner similar to that of the minerals of 
an igneous rock and are undoubtedly contemporaneous. 


The photographs and drawings of “ intimate contemporaneous 
intergrowths ” in the papers just cited show irregular and intri- 
cately arranged areas of one mineral in another and the reverse 
relation. 


The mutual boundary relation which has been used to prove 


8 Bastin, E. S., “‘ Silver Ores of South Lorraine and Cobalt, Ontario,’ Econ. 
GEOL., vol. 20, p. 16, 1925. 

4Emmons, W. H., and Laney, F. B., “ Geology and Ore Deposits of the Duck- 
town Mining District, Tenn.,” U. S. Geol. Survey Prof. Paper 139, p. 47, 1926. 

5 Agar, W. M., “ Minerals of the Intermediate Zone, Butte, Montana,” Econ. 
GEOL., vol. 21, pp. 698-700, 1926. 
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contemporaneous deposition of the minerals concerned, is de- 
scribed as follows: ° 

The structure “looks no more in one direction than in the other,” and 
were the chalcocite and bornite to change places, the significance of their 
relations would be unchanged. Neither obviously replaces the other. 
But grading out from this structure, often within the limits of a single 
polished surface and sometimes within the limits of a single microscopic 
field, are structures showing clear replacement of bornite by chalcocite. 


In a recent polished section study the writer examined a num- 
ber of known cases of replacement. The purpose of the ex- 
amination was to determine, if possible, some of the microscopical 
criteria of replacement in the opaque ore minerals. Examples 
were chosen for study about which no reasonable doubt could 
exist as to their being replacement. In all cases there can be no 
reasonable doubt that one mineral ceased to crystallize before the 
other mineral began to replace it. Thus contemporaneous dep- 
osition structures are absent. 

Three general types of material were selected for study. These 
types were: pseudomorphs in which some remnants of the origi- 
nal crystals were left, oxidation products replacing sulphides and 
oxides, and artificial replacements. These will be described in 
some detail since the argument is based on features shown by 
them. 

Partial Replacement in Pseudomorphs.—lt is realized that some 
complications may ensue in using pseudomorphs as a positive 
means of knowing that one mineral is later than and replaces an- 
other. For instance, hematite may have formed a small crystal 
which was later partly replaced and completely surrounded by a 
euhedral magnetite crystal. Later partial replacement of this 
magnetite crystal by hematite would give rise to two generations 

of hematite associated with the magnetite. With care, however, 
and especially by studying a number of different mineralogical 
combinations in pseudomorphs this source of possible error can 
largely be eliminated. In the following paragraph are listed the 
kinds of partial pseudomorphs used. 


6 Locke, A., Hall, D. A., and Short, M. N., “ Role of Secondary Enrichment in 
Genesis of Butte Chalcocite,” T. A. J, M. M. E., 70, p. 955, 1924. 
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Euhedral magnetite crystals partly replaced by hematite. 
Euhedral pyrite crystals partly replaced by chalcocite. 

Euhedral tetrahedrite crystals partly replaced by bournonite. 
Euhedral enargite crystals partly replaced by chalcocite. 
Euhedral bornite crystals partly replaced by chalcocite. 

Euhedral bornite crystals partly replaced by chalcopyrite. 
Euhedral pyrite crystals partly replaced by limonite. 

Euhedral galena crystals partly replaced by anglesite and cerussite. 


Replacement by Oxidation Products——Pyrite, pyrrhotite, chal- 
copyrite and magnetite crystal aggregates partly replaced by 
limonite, and aggregates of galena crystals partly replaced by 
cerussite and anglesite were examined. 

Artificial Replacements —Hematite was replaced artificially by 
magnetite in several different types of specimens. Examples 
were selected so that each one was different in grain size from the 
others. The manner of replacement did not differ appreciably 
in these different types 

A blow torch flame or gas furnace was used to produce these 
replacements. Hematite was changed to magnetite by the reduc- 
ing flame. No intermediate products between hematite and 
magnetite were observed. The replacements were made on pre- 
viously polished and examined specimens. Bornite and chalco- 
prite were partly replaced by chalcocite by placing previously 
polished and examined specimens in a strong copper sulphate 
solution and placing in an oven held at 65° to 75° C. for from 
two days to one week and longer. 

It is true that the minerals forming intimate, intricate inter- 
growths, and mutual boundaries may often be contemporaneous, 
but in the study of the known cases of replacement just described, 
many instances of intimate and intricate intergrowths and mutual 
boundaries were found. Isolated, irregular areas of guest min- 
eral in host and vice versa with no veins visible in the field are 
common. The fact is that in many microscopic fields of these 
known replacements no evidence of replacement could be found, 
while other fields would display replacement features. Such re- 
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lations were found in many examples of all three types of replace- 
ments examined. 

It is concluded that mutual boundaries and intimate irregular 
intergrowths can not be used as criteria for contemporaneous 
deposition since both are found in cases of known replacement 
where contemporaneity or overlapping of deposition was im- 
possible. 

If further proof is necessary an analogy may be drawn from 
petrography. In metasomatic replacement of a marble or grained 
igneous rock by such minerals as zircon, apatite, titanite, diopside 
or hornblende, the microscope is used to identify the minerals but 
usually geological evidence is used to prove that they are later 
than and replace the original rock minerals. Every petrographer 
who has tried to prove such replacement by microscopic criteria 
alone knows that in many of the microscopic fields it “ looks as 
much one way as it does the other ” and intimate intergrowths 
of the minerals are common yet these minerals are not contempo- 
raneous. It is true that in the ore minerals many more signs of 
replacement appear than in the petrographers domain but that will 
not invalidate the above argument. 

W. H. NEwHOUSE. 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
CAMBRIDGE, Mass. 


TOURMALINE-BEARING CINNABAR VEINS OF THE 
MAZATZAL MOUNTAINS, ARIZONA. 


Sir: The unusual occurrence of cinnabar in association with 
tourmaline may possibly be caused by a connection of facts not 
discussed in the paper published by Lausen.1 Some time ago I 
examined a cinnabar vein of the Devonian of Western Germany ; * 
the cinnabar there was associated with macroscopic pyrite, chalco- 
pyrite, calcite and quartz, just as in the veins described by Lausen; 
stibnite also was lacking. Microscopical examination proved, 
that the cinnabar in this case instead of being a primary mineral 
1 Econ. GEOL., vol. 21, No. 8, p. 782. 1926. 

2 Cf. Zeitschrift fiir prakt. Geol., 1925, pp. 137-140, 154-167. 
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is a product of secondary enrichment, the primary quicksilver- 
bearing mineral being mercurial tetrahedrite. The vein is a de- 
posit of intermediate depth, connected with the veins of galena, 
sphalerite, chalcopyrite and siderite of the same district. 

The cinnabar ore of the Mazatzal Mountains should be exam- 
ined microscopically for the occurrence of tetrahedrite. Sec- 
ondary processes of mineralization are suggested by the occur- 
rence of calomel, native quicksilver, azurite and malachite. If 
cinnabar also is a secondary mineral derived from mercurial 
tetrahedrite, the paragenesis of cinnabar and tourmaline is easily 
explained. The ore would be in this case a species of high- 
temperature copper-tourmaline deposit*® exceptionally rich in 
mercury. The occurrence of tetrahedrite in such deposits in 
Cornwall and Norway is well known.* 

K. HuMMEL. 
UNIVERSITAT GIESSEN, 
GERMANY. 
3 W. Lindgren, “ Mineral Deposits,” p. 695. 19109. 
4Cf. Vogt, Zeitschr. f. prakt. Geol., 1895, p. 149. 
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Die metallogenetischen Epochen und Gebiete von Siberian. By W. 
A. OpruTscHEW. Pp. 63, with map. W. Knapp, Halle, Germany, 
1926. Price 5.50 reichmarks. 

In his introduction, Professor Obrutschew points out that fourteen 
years have passed since De Launay published his “La Geologie et les 
richesses minerales de l’Asie,” during which period much has been learned 
concerning the geology of Siberia and great progress has been made in 
the study of ore deposits, especially in America. 

The book under review presents first a preliminary outline of the ge- 
ologic history of Siberia and then sketches the relation of ore deposition 
to the major historical events. 

The Archean era is represented by two great divisions of rocks—(1) 
a fundamental complex of gneisses and crystalline schists, without lime- 
stone and (2) an upper division containing limestones and other rocks 
that are recognizable as of sedimentary origin. Both groups are cut by 
many intrusives, with granite as the predominant type. The structure of 
the older division has not yet been worked out. In the upper division are 
two ruling directions of structure. East and northeast of Lake Baikal, 
the Baikalian structure, characterized by northeast-southwest folds, pre- 
dominates. West and northwest of Lake Baikal are the Sajanian folds 
with northwest-southeast trend. These two regions of folding converge 
south of Irkutsk and constitute the borders of the pre-Cambrian shield of 
Siberia. The folds occur in arcuate groups, generally convex to the 
north. At its northeast end the Baikalian arc merges with a third group 
of folds which is more broken and less distinct than the two named 
groups. In addition to the main shield, which stretches from the general 
vicinity of Tomsk on the west to the coast of the Oshkosh Sea on the 
east, island-like areas of Archean rocks surrounded by younger rocks, 
occur to the north between the Yenesei and Lena rivers. 

At the close of the Archean or beginning of the Eozoic, the Archean 
area was greatly faulted. One great block north of the Archean shield 
sank and was covered by the Eozoic sea which also transgressed over part 
of the shield and covered most of the Archean “islands.” Thick sedi- 
ments accumulated during this period which was closed by strong oro- 
genic disturbances with the formation of folds along the borders of the 
Archean shield. Volcanic outbursts took place on the land of the shield 
and the mountain-building was accompanied by extensive intrusions of 
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granodioritic magma with vigorous contact metamorphism. Important 
metallization occurred at this time. 

In Paleozoic time the seas were smaller and shallower, and much sand- 
stone and limestone were deposited. At the close of the Silurian there 
was renewed, strong orogenesis, with the formation of new border ranges. 
In western Siberia the mountain-making forces were especially strong 
and were associated with much igneous intrusion. 

At the beginning of the Devonian the sea covered eastern, northeastern 
and western Siberia and transgressed into the Minussinsk Basin to the 
south. Volcanic and intrusive rocks were erupted during this period. 

At the beginning of the Carboniferous there was slight deepening of 
the sea followed by strong orogenesis which produced the folds of the 
Kirghis steppes, of the western Altai, and of eastern Transbaikalia. 
Volcanism accompanied this folding. 

At the close of the lower Carboniferous, in connection with the second 
phase of the Hercynian orogenesis, came the mighty intrusions of granite 
rocks of the Kirkhis steppes, in Tarbagatai, in the western and northern 
Altai, and in Transbaikalia. These were followed by intrusions of por- 
phyry which continued into the upper Carboniferous. 

Especially vigorous intrusion of granite and porphyries, with eruptions 
of volcanic rocks, marked the Tienschanian revolution at the close of the 
Paleozoic. 

During Mesozoic time, most of Siberia was a land area. Volcanic and 
intrusive activity was rather feeble. 

In Tertiary time the sea extended into eastern and western Siberia. 
Alpine orogenesis was strong only in the Anadyr region of far eastern 
Siberia. Volcanic activity was restricted chiefly to the Pacific coastal 
region. 

Having outlined the general geologic history of the region, Professor 
Ubrutschew recognizes six principal epochs of metallization, as follows: 


(1) Archean. Deposits mostly removed by deep erosion. Principally 
gold, with some iron. Copper rare and silver-lead-zinc deposits 
almost lacking. The greater part of the gold deposits are in quartz 
veins that contain more or less feldspar and are believed to pass in 
depth into pegmatite. The deposits generally are those character- 
istic of the deep zone. 

(2) Eozoic. Largely eroded but still economically important. Princi- 
pally hydrothermal gold deposits in regions where sedimentary 
rocks are cut by intrusive rocks. Generally richer than the Ar- 
chean deposits and formed at moderate depth. Copper deposits 
rare. 


(3) Caledonian. A period of feeble volcanism with unimportant mineral 
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deposits. These include deposits of gold, copper, iron, lead, silver 
and zinc, with some scheelite. 

(4) Hercynian. Characterized by important deposits of the middle 
depth-zone. Many hydrothermal gold-quartz veins with associated 
placers. Complex ores, carrying gold, silver, copper, lead and zinc, 
abundant, especially in the Kirghis-Altai region. Copper occurs in 
veins and as disseminated deposits, generally associated with in- 
trusive porphyries. Silicification of the country rock is a common 
feature of the deposits of this period. Contact metamorphic de- 
posits are numerous and the most important iron deposits in Siberia 
were formed in this metallogenic epoch. 

(5) Tienchanian. This epoch generally poor in ore deposits but some 
occur in the southern part of western Siberia (Kirghis steppes) 
and in the Funguska coal basin of north central Siberia. Princi- 
pally silver-lead-zinc and polymetallic deposits. In the Tunguska 
basin pyritic deposits, with chalcopyrite, pyrrhotite and pentlandite, 
and carrying copper, nickel, palladium and platinum, occur as 
magmatic segregations in basic igneous rocks. Iron ores are as- 
sociated with the same rocks. 

(6) Mesoneozoic. Deposits of this period are characteristic of the 
Pacific coast but as yet are very imperfectly known. 


The work discusses the regional distribution of the deposits of the 
various periods and sketches the characteristic features of the deposits of 
each region. These accounts are, however, rather difficult to follow, as 
names used in the text do not invariably appear on the accompanying map. 

The study brings out the close genetic connection between orogeny, ig- 
neous intrusion and ore deposition, although it does not appear that our 
knowledge of Siberian geology is yet sufficient to permit of definite 
assignment of all of the are deposits to particular geologic epochs. 

A useful bibliography of one hundred thirty-six titles concludes the 
volume. 


F. L. RANSoME. 


Chemistry in Modern Life. By Svante ArrHENIus. Translated from 
Swedish by CriFForp S. LEonarp. 286 pp. D. Van Nostrand Co., 
New York, 1926. Price $3.00. 

This book is one of the most valuable of the Library of Modern Sci- 
ences produced under the editorship of E. E. Slosson. Its author is one 
of the world’s foremost scholars—chemist, cosmist, professor, Nobel prize 
recipient, and Director of the Nobel Institute, President of the Swedish 
American Foundation. His message is wider than the title of the book 
would indicate. Conservation is the theme throughout, whether the sub- 
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ject matter be oil, coal, metals, energy, pottery, home life, housekeeping, 
luxury, or modern civilization. One ordinarily might not think of silica 
as having cultural value, yet Arrhenius’ treatment of this subject from 
the standpoint of potteries and objects of art leaves one in no doubt that 
even if a knowledge of silica itself is not considered cultural, Arrhenius’ 
treatment of it is justly so. His discussions of the Groundwork of Chem- 
istry, Fire, Tools and Metals, Ores, Water and Air, Energy, Dyes, Per- 
fumes and Drugs, Rubber, and Bread, commence with a historical back- 
ground that is an education in the history of the development of the sci- 
ences and modern industry. What more fascinating reading is there than 
his story of the early making of fire and the difficult steps out of which 
the modern match evolved? 

One need not know about chemistry to enjoy the book; it is written in 
the language of the layman and is a book of knowledge for children as 
well as for grown-ups. Technical discussions of the intricacies of mod- 
ern chemistry are absent. The translator has also made a contribution, 
for his pleasing style makes delightful reading. It is a book that should 
be in every home. 





ALAN BATEMAN. 


Map of the Mineral Deposits of South America. By Dr. RicHarp 
STAPPENBECK. 1:3,750,000. Dietrich Reimer-Ernst Vohsen. Berlin, 
1926. 

The map is issued as a large wall map and in six sections bound in a 
stiff cover. The occurrences of seventy-seven different mineral sub- 
stances, metallic, non-metallic, and fuels, are shown on the map by dis- 
tinctive symbols, the explanations of which are given in German, Spanish, 
Portugese, and English. The map also shows the locations of pipe lines, 
oil refineries, various kinds of metallurgical works, railroads, aérial 
tramways, water power sites, both developed and undeveloped, and the 
navigability of rivers. In addition to the map of the continent as a 
whole, there are seven smaller insert maps of special areas: Central 
America, on the same scale as the large map; Central Peruvian Mining 
District, 1: 1,000,000; Goldfields of Carabaya and Sandia in Peru, 1: 1,- 
600,000; Cundinamarca Highland, the region about Bogota, Colombia, 
1: 1,600,000; Gold and Platinum Placers of the Choco, Colombia, 1: 1,- 
950,000; Iron, Manganese and Gold District of Minas Geraes, Brazil, 
I: 1,150,000; Mineral Deposits of Chile between Rancagua and Tocopilla, 
I:1,100,000 The absence of a large scale map of the mineralized region 
of Bolivia the author ascribes to the lack of a satisfactory base map. 
The maps are divided into grid squares and a general locality index gives 
the grid square in which every deposit is located. Where the mineral 
occurrences are too closely spaced to admit the names of the localities 
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on the map, they are numbered, and the corresponding names are given 
elsewhere on the map arranged in groups by the grid squares into which 
they fall. 

In the compilation of the map, Dr. Stappenbeck has utilized his own 
data collected during sixteen years of geologic work in Argentina, Chile 
and Peru, the collaboration of colleagues, oral and written communica- 
tions from geologists and mining engineers, collections, and an exhaustive 
search of the literature. In the preface he says he was about to pre- 
pare a work on the mineral resources of South America, when the book 
of Miller and Singewald on the “ Mineral Deposits of South America” 
was issued. In order not to cover essentially the same ground again, he 
restricted himself to completing the map, the character of which 
“gradually changed from a simple map of mineral deposits into one of 
mining economics.” 

The only thing analogous to this map that has been available are the 
maps of the South American countries included in the volume on “ The 
Mineral Deposits of South America.” But those maps are on a much 
smaller scale, and we indicated on them only such mineral occurrences 
as are described in the text, that is, mostly such as were or had been 
productive or concerning which some geologic data were available, and 
the various kinds of deposits were not differentiated with distinctive 
symbols. Dr. Stappenbeck has obviously thoroughly combed the litera- 
ture—the statement in the preface that he believes “only very few 
articles have escaped my attention” is not an idle boast—and plotted on 
the maps every mention of mineral occurrences encountered. With the 
meagerness of data for many of these occurrences, it was not always pos- 
sible to discriminate between occurrences that are of no more than min- 
eralogic interest and such as can be properly classed as mineral deposits, 
so that one can find a few localities on the maps that can hardly be con- 
sidered mineral deposits. But this is at most a fault of over-thorough- 
ness. 

Anyone interested in the occurrence and distribution of the mineral 
deposits of South and Central America will find the information pre- 
sented by the maps invaluable and their legibility of a very high order. 
For the convenience of American customers, the map is carried in stock 
by the International Map Company of New York. 

JoserH T. SINGEWALD, JR. 
Jouns Horxins UNIvERsItTy, 
BALTIMORE, Mb. 








414 REVIEWS. 


Campbell Coal Map of the United States. Published by M. R. 
CAMPBELL, 2220 Twentieth St. N. W., Washington, D. C., 1927. 
50 cents. Lots of 5 or more, 40 cents. 


This is the best coal map of its size (17x 28 inches) in the country, 
and prepared by Mr. Campbell, it means that it is authoritative. It shows 
practically all the coal fields by means of different colors, and indicates 
the different coals of each field. Full colors indicate coals of commercial 
value; half colors, coals of doubtful value; and stippling where coal- 
bearing rocks are covered. It is large enough to show the fields clearly, 
yet small enough to be convenient. It should prove useful for those 
interested in coal distribution and for teachers and students in the study 
of geology, geography and economics. 


ALAN BATEMAN. 


Manganese Deposits near Postmasburg, West of Kimberley. By A. 
L. Hatt, Trans. Geol. Soc. So. Afr., Vol. XXIX., 1926. Pp. 17-46, 
plates III.-X., Figs. 1-5. 

A large manganese deposit has recently been discovered about 106 miles 
northwest of Kimberley, South Africa. The occurrence is near the crest 
of the Gamgara Ridge. Here the succession is: 
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{Upper Griqua Town series—banded ironstone, jasper. 
a system Middle Griqua Town series—hbasic lavas. ; 
ae Lower Griqua Town series—banded ironstone, jasper. 
(Campbell Rand series—dolomitic limestone, chert. 





The Lower Griqua Town shows near its top a deposit of well-marked 
glacial drift. It also bears a breccia of angular fragments of ironstone 
and jasper, thought to have originated through collapse of the Griqua 
Town into solution cavities in the underlying limestone. 

Some folding, attributed (rather unsatisfactorily, in the eyes of the 
reviewer) to solution subsidence of the Campbell Rand series, affects the 


overlying rocks. A large north-south fault also cuts off the Matsap 
rocks to the west. 


The manganese deposits form a distinct bed a little above the basal 
conglomerates in the Lower Matsap series. Where the dips are gentle 
the manganese stratum is widely exposed or partially removed by erosion, 
leaving residual nodules or “rubble.” The line of outcrop, extending 
some 30 or 40 miles across country, can be recognized as a dark streak, 
unbroken for long distance, locally repeated by folding. The average 
thickness is eight feet but may rise to twenty. In addition the gentle dip 
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implies a considerable westward extension of the ore bed. The entire 
picture is one of large reserves, readily mined from the surface. 

The ore consists chiefly of psilomelane, but there are minor occurrences 
of pyrolusite and (strangely) rhodonite. The gangue minerals are pyrite, 
barite, and a manganese mica. In texture the oxides are either compact 
and massive or crystalline. Manganese content fluctuates between 42 and 
58 per cent., as compared with approximately 48, 53, 46 and 52 per cent., 
respectively, for Arkansas, Russian, Brazilian and Indian ores. The 
phosphorus content is nil, the silica 1.75. 

Reserves actually “in sight” are 2,700,000 long tons, but probable re- 
serves make a total of about 20,000,000 tons, as compared with 120,000,000 
(Russia), 140,000,000 (Brazil), and 837,000,000 (Central India). 

These deposits are attributed by the author to sedimentary origin,? but 
he adds somewhat paradoxically “and due to the replacement of argilla- 
ceous material through the circulation of manganese bearing solutions, 
rather than.a result reached already during the period of deposition”; in 
other words, the ore is epigenetic. Granting the correctness of the au- 
thor’s explanation of origin, this use of the term “ sedimentary ” is not in 
accordance with the construction of Lindgren or W. H. Emmons. For 
Beck, too, “ sedimentary” definitely implies syngenesis 2 and Beyschlag, 
Vogt, and Krusch* carefully distinguish between tabular impregnation 
(or replacement) zones and bedded deposits. 

There is still, of course, a third possibility—apparently not faced by 
the author—that of contemporaneous replacement. As far as the re- 
viewer is aware, this has not hitherto been applied to manganese deposits ; 
it has been used for iron deposits in England, but not in the United States. 

From the economic viewpoint, as well as the more theoretical one, the 
paper is valuable in announcing the existence of another large manganese 
reserve. The development, as pointed out by Dr. Hall, must probably 
await the building of a connecting railroad. If, like the Batesville ore, 
the deposits come to be recognized as oxidation products, their extent in 
depth may not be as great as the author assumes. 

Cuas. H. BEnrRe, Jr. 
UNIVERSITY OF CINCINNATI, 
CINCINNATI, OHIO. 


The Mines Handbook. Volume XVII. (1926). By W. G. NEALE. 
2129 pp. The Mines Handbook Co., New York, 1927. Price, $15.00. 
This seventeenth volume, for the year 1926 (published in April, 1927), 

appears under new ownership and editorship, having been taken over from 
iP. 38. 

2“ The Nature of Ore Deposits,” transl. by W. H. Weed, p. 4, 1909. 
3“ Die Lagerstatten der Nutzbaren Mineralien und Gesteine,” Bd. I., p. 16, 1914. 
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Walter Harvey Weed in January, 1926. It appears to have lost nothing 
by the change, but rather to have gained. Although it has fewer pages 
than before, it includes nearly 11,000 descriptions of mines, prospects, and 
mining companies of North and South America. The extra space was 
gained by exclusion of iron and steel companies and by a vigorous weed- 
ing out of dead concerns. Many 1925 statistics are included, as are also 
1926 corporate changes. One valuable addition we note is the editorial 
comment on each company. Some of these may not be absolutely cor- 
rect, but the few comments we checked up on mines and prospects agree 
with our own personal knowledge of them. This comment feature should 
prove useful to the layman, and the technical readers have the data from 
which to draw their own conclusions. In addition, Chapters I. to III. 
contain respectively a Glossary of Mining Terms, Mineralogy of Ore 
Minerals, and Statistics of the Mineral Industry. The last has been im- 
proved. Evidently the book has been reset, and the outcome is a well 
printed, concise and valuable book. 
ALAN BATEMAN. 


A Geographical Study of Coal and Iron in China. By WiLFrep SMITH. 

83 pp. University Press of Liverpool, 1927. Price, 5 shillings. 

This little book of four chapters treats of the natural wealth of China 
in coal and iron from a geographical rather than a geological viewpoint. 
Chapter I. deals with the geological history, emphasizing structural ge- 
ology, and forms an excellent summary of the geology of the region. 
In Chapter II. the resources of China in coal and iron are discussed and 
an attempt is made to reconcile the conflicting views of the reserves of 
these mineral substances. Chapter III. treats of the facts affecting the 
future of the industries based on coal and iron, and Chapter IV. deals with 
the relations of the regional distribution to present and future commerce. 
A valuable part of the book is the included bibliography on Chinese min- 
eral resources, and a good index lends convenience to the reader. Two 
pocket maps depict the distribution of the coal and iron. 

The book brings together in orderly fashion much valuable information 
about China’s resources in coal and iron, and the geographical viewpoint 
lends additional interest to the subject matter. Anyone interested in 
China’s resources and: future trade should read it. 

The physical appearance of the book is not so pleasing as its subject 
matter. The small-sized type run in solid makes it difficult reading, and 
the profuse bold-faced type repels one. The few line drawings are 
crudely made and crudely reproduced. It is not a piece of bookmaking 
for the publisher to be proud of, but he who wishes data on China’s coal 
and iron will find it here. A. M. B. 














SCIENTIFIC NOTES AND NEWS 





F. L. Ransome has resigned from the University of Arizona and has 
accepted the professorship of economic geology at the California Institute 
of Technology, Pasadena, California. The new position leaves about 
half his time free for research and for consulting work in mining geology. 

George Otis Smith received congratulations May 2d upon the comple- 
tion of his twentieth year as the fourth Director of the U. S. Geological 
Survey, the former Directors being Clarence King, 1879-1881; Major 
Powell, 1881-1894; Dr. Walcott, 1894-1907. 

Per Geijer has just completed several months of field work in Lapland, 
Sweden. 

F. Julius Fohs recently delivered six lectures at Columbia University 
on the Geology of Petroleum, as part of the course in Economic Geology. 

E. F. Burchard, of the U. S. Geological Survey, is engaged in a recon- 
naissance of the iron ore deposits in Virginia, in co-operation with the 
State Geological Survey. 

Percy A. Wagner lately visited the new diamond fields at the mouth of 
the Orange River, South Africa. 

R. C. Moore, of the U. S. Geological Survey, is doing field work in 
Texas. His address is care of Dr. E. H. Sellards, University of Texas, 
Austin, Texas. 

F. S. Turneaure, lately of the department of geology at the Michigan 
College of Mines, is geologist with the Patino Mines and Enterprises Con- 
solidated, at the tin properties at Oruro, Bolivia. 

A. L. Du Toit has been elected president of the Geological Society of 
South Africa. 

Fred H. Moffit, of the U. S. Geological Survey, is in Alaska doing 
geological investigation work in the Nizina region. 

E. R. Bruce, of Queen’s University, Canada, will be engaged for the 
coming season in field work for the Ontario Bureau of Mines in the 
Woman Lake gold area, Narrow Brick, and Clearwater areas. 

A. G. Burrows, of the Ontario Bureau of Mines, will carry on field 
work the coming summer in the Sudbury lead-zinc-copper district. 

David White, of the U. S. Geological Survey, is spending several weeks 
at the Grand Canyon in the study of fossil plants. 

E. S. Moore, of the University of Toronto, will carry on field work this 
summer for the Ontario Bureau of Mines, in the Lake Savant gold area. 

Frank Leverett, after spending some months in Arizona, in work for 
the U. S. Geological Survey, has returned to Ann Arbor, Mich‘gan. 
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S. R. Capps, of the U. S. Geological Survey, sailed from Seattle for 
Alaska May 28 in charge of a party which will make geographic and 
topographic surveys in the Mount Spurr region. 

E. C. Andrews, of New South Wales, who delivered the Silliman lec- 
tures on problems of general geology at Yale University recently, sailed 
from Quebec for England on May 26, and will return to this country in 
July and spend the summer in Canada and the United States. 

J. B. Mertie, of the U. S. Geological Survey, sailed from Seattle May 
24 to join Gerald Fitzgerald in northern Alaska. They will make geologic 
and topographic surveys in the region between Chandalar and Sheenjek 
rivers. 

Fred B. Ely is now in New York City after a year of work in Vene- 
zuela. 

T. O. Bosworth is directing the geological work for British Controlled 
Oilfields in Venezuela. His address is Apartado 232, Maracaibo. 

George Kingdon, general manager of the United Verde Extension 
Mining Company, lately returned from a trip to Chile. 

Herbert Carmichael of Victoria, B. C., has been arranging in London 
for the financing of an ore-treatment plant to be erected at the old Tyee 
smelter site at Ladysmith. 

Percy E. Hopkins, formerly geologist of the Victoria Syndicate, Conis- 
ton, Ontario, has opened an office at Toronto, for consulting and explora- 
tion work. 

R. B. Lamb, of Toronto, Canada, has gone to southern British Columbia 
to examine mining properties, and from there will go to Arizona. 

J. Nelson Nevius, of the U. S. Treasury Department, has resigned to 
open offices as a consulting engineer at 1860 Columbia Road N. W., 
Washington, D. C. 

C. M. Hunter, of the Ribstone-London Petroleum, Ltd., has been ex- 
amining a block of 14,000 acres in the Ribstone oil field of Alberta in 
preparation for its development. 

J. Coggin Brown, superintendent of the Burma party of the Geological 
Survey of India, is now in England. 

C. M. Lipovsky, connected with the Soviet Government at Leningrad, 
has been in South Africa doing investigation work with especial reference 
to the platinum deposits. 











